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FUEL CONVERSION RATIOS
BRITISH THERMAL UNITS (BTU's)
23,070,000/ton in 1974;
24,580,000/ton in 1970;
26,200,000/ton before 1966 
19,407,000/cord
5,000,000/ton coal 
1,024/cubic foot; 100,000/therm 
6,287,000/barrel 
5,825,000/barrel 
5,6/0,000/barrel 
4,011,000/barrel
FUEL
Bituminous Coal
Fuelwood
Manufactured Gas 
Natural Gas 
Residual Oil 
Distillate Oil 
Kerosene
Liquified Petroleum Gas (LPG)
Jet Fuel (average of kerosene and 
naptha)
Gasoline
Electricity generated by coal or 
oil (average heat rates also 
applied to hydro)
Electricity generated by nuclear 
energy
Electricity distributed by utilities
5,459,000/barrel 
5,248,000/barrel
(15,200/KWH in 1950; 13,591 in 1955; 
(11,903 in 1960; 11,565 in 1965; 
(11,605 in 1970; 11,389 in 1974
10,660/KWH 
3,412/KWH
APPROVED CHAPTER
STATE OF MAINE JUN 26 7 5 5 S 7
BY GOVERNOR PUBLIC LAW
IN THE YEAR OF OUR LORD NINETEEN HUNDRED 
S E V E N T Y -F IV E
S. P. 549 —  L. D. 1913
AN ACT Concerning the Office of Energy Resources.
Emergency preamble. Wlureas, Acts of the Legislature do not become 
effective until 90 days after adjournment unless enacted as emergencies; and
Whereas, the United States is in the initial stages of a far-reaching energy 
crisis and is seeking new and alternative sources of energy; and
Whereas, Maine and the Northeast are dependent upon expensive foreign 
oil which has a significant effect on the State and regional economies; and
Whereas, the Federal Government is encouraging the several states to 
develop energy conservation programs and to administer programs to help 
reduce the severity of the energy crisis; and
Whereas, Maine’s Office of Energy Resources is presently not functioning, 
which has a serious impact on the State and denies the State millions of 
dollars of federal funds for energy conservation and development; and
Whereas, in the judgment of the Legislature, these facts create an emer­
gency within the meaning of the Constitution of the State of Maine and re­
quire the following legislation as immediately necessary for the preservation 
of the public peace, health and safety ; now, therefore,
Be it enacted by the People of the State of Maine, as follows:
Sec. 1. 5 MRSA § 5004. as enacted by PL 1973, c. 770, § 2, is repealed and
the following enacted in place thereof:
§ 5004. Director of Office of Energy Resources
1. Appointment. The Governor, with the approval of the Executive 
Council, shall appoint a full-time Director of the Office of Energy Resources. 
The director shall serve a term coterminous with that of the Governor and 
until his successor is appointed and qualified, subject to removal for cause 
by the Governor. The director shall be paid a salary fixed by the Governor 
and Council.
2. Qualifications. The Director of the Office of Energy Resources shall 
have a background in engineering, economics, energy research or the admin­
istration of energy programs and shall be qualified to evaluate energy con­
servation or development proposals in terms of technical and economic feasi­
bility.
3. Powers and duties. The director shall exercise the powers of the 
office and shall be responsible for the execution of its duties. The dirasfcpr 
shall:
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A. Administer the office and adopt such methods of administration, not 
inconsistent with the law, as he may determine necessary to render the 
office efficient;
B. Appoint and remove the staff of the office and prescribe their duties 
as may be necessary to implement the purposes of this chapter. Profes­
sional employees shall be hired as unclassified employees. All other em­
ployees shall be subject to the Personnel Law.
C. Be assisted by the New England Power Pool and by departments, 
agencies, authorities, boards, commissions and other instrumentalities of 
State Government in the gathering of information, reports and data which 
relate to state planning and development in the area of energy resources;
D. Prepare and submit for executive and legislative action thereon the 
budget for the office;
E. Be empowered, in connection with the performance of his duties, to 
apply to the Superior Court for a subpoena to compel the attendance of 
witnesses, the production of books, papers, records and documents of indi­
viduals, firms, associations and corporations and all officers, boards, com­
missions and departments of the State. Said court shall, before issuing 
such subpoena, provide adequate opportunity for the director and the 
party against whom the subpoena is requested to be heard. No such sub­
poena shall be issued unless the court or judge certifies that the attendance 
of such witness or the production of such books, papers, records or docu­
ments is reasonably necessary to carry out the purposes of this section and 
that the director has made reasonable efforts to secure such attendance or 
such books, papers, records or documents without recourse to compulsory 
process. The director shall afford confidential treatment to any materials 
or information turned over to him which is of a confidential or proprietary 
nature.
F. Be responsible for the coordination of all state energy programs and 
the coordination of state programs with programs and plans developed by 
private organizations and the Federal Government.
G. Be responsible for the administration of all federal energy programs 
to be implemented in Maine. This includes, but is not limited to, the Fuel 
Allocation and Conservation Program and all related activities.
H. Be responsible for the dissemination of energy related information to 
the public. Upon request, the director shall provide information to public 
and private groups in the field of energy.
I. Be responsible for the formulation of a comprehensive state energy 
resources plan and a state energy policy.
4. Annual report. The Director of the Office of Energy Resources shall 
prepare an annual report to be presented to the Legislature in every regular 
and special session of the Legislature. The annual report shall include, but 
is not limited to, the following: The programs developed and implemented 
by the Office of Energy Resources, the stage of development of the programs, 
the stage of implementation of the State Energy Plan and the direction of 
programs planned for the ensuing year.
Sec. 2. 5 MRSA § 5005, as enacted by PL 1973, c. 770, § 2, is repealed and
the following enacted in place thereof :
§ 5005. Office of Energy Resources
1. Powers and duties. The Office of Energy Resources shall:
A. Prepare a comprehensive energy resources plan to be revised and up­
dated at least annually and more often as the Director of the Office of 
Energy Resources or the State Legislature deem necessary.
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(i) The comprehensive plan shall include, but is not limited to, a 
description and quantification of the present supply, rates of use and 
energy needs of the State; a description and quantification of the pro­
jected needs, rate of use and availablility of various energy resources 
to meet future state needs; a cost analysis of providing energy to meet 
the state’s future needs; a description of the assumptions upon which the 
predictions and costs are based and the probability of error in the pro­
jections in the plan;
B. Prepare a state energy policy to include, but is not limited to, the 
following: The direction or directions most feasible for Maine to pursue 
in the field of energy resource use and development, feasible alternatives to 
implement the state energy plan and long range as well as short range 
energy programs;
C. Encouragement of voluntary energy conservation among state and 
local government, industry, business and the public for the most efficient 
utilization of available energy;
D. The Director of Energy Resources shall be responsible for collecting 
and analyzing energy data from all available energy sources in and out­
side the State;
E. Provide technical assistance to the Governor and the Legislature in 
identifying the emergency and long-range needs and resources to meet 
these needs for the State;
F. Upon request, provide planning and technical assistance to public 
and private groups in the field of energy planning;
G. Encourage and direct or sponsor research and experiments within the 
State to develop alternate energy sources, particularly, but not limited to, 
those sources which rely on the renewable natural resources of the State, 
such as the water of the tides and rivers, the forests, the winds and other 
sources which to date have not been fully explored or utilized;
H. Encourage and direct, in conjunction with private industry, the practi­
cal development and operation on a small scale of experimental projects 
involving alternate energy sources, in order to ascertain the potential useful­
ness of such alternate energy sources and their costs, provided only that 
such projects shall be subject to the regulations of those state agencies con­
cerned with the protection of the environment and preservation of the 
natural resources of the State, and with regulation of other energy sources;
I. The Office of Energy Resources, with the consent of the Governor, may 
employ such expert and professional consultants as it deems necessary 
within the limit of funds available and consistent with the powers and 
duties of the office.
Sec. 3. 5 MRSA § 5006, as enacted by PL 1973, c. 770, § 2, is repealed and
the following enacted in place thereof:
§ 5006. Maine Energy Resources Development Fund
All federal and private moneys received by the Office of Energy Re­
sources for energy research and development shall be deposited in the Maine 
Energy Resources Development Fund. The Maine Energy Resources De­
velopment Fund shall be administered by the Director of the Office of 
Energy Resources and shall be used only to carry out the provisions of 
this Act. The Office of Energy Resources shall be the designated state agency 
to handle all energy matters within the State which are not the specific re­
sponsibility of another state agency under the provisions of federal or state 
law, and authority is conferred on the director of such office to accept, use 
and administer all energy funds, including federal, state and private funds,
in accordance with established budgetary procedures which become available 
pursuant to this Act. The director may receive on behalf of the Office of 
Energy Resources or on behalf of the State any grants or gifts and may 
accept them.
x. Report to Legislature. The Director of Energy Resources shall report 
annually to the Legislature in January of every regular and special session of 
the Legislature in regard to expenditure cf funds, the purposes for which said 
funds were used and the amount of as well as the sources from which the 
funds were derived.
Sec. 4. 5 MRSA § 5007, as enacted by PL 1973, c. 770, § 2, is repealed and
the following enacted in place thereof:
§ 5007. State Energy Resources Advisory Board
x. Appointment. The Governor shall appoint a State Energy Resources 
Advisory Board to advise the Governor, the Legislature and the Director 
of the Office of Energy Resources on policy matters relating to this chapter.
2. Membership. The State Energy Resources Advisory Board shall con­
sist of the following: One member of the House of Representatives to be 
appointed by the Speaker of the House and one member of the Senate to be 
appointed by the President of the Senate and one representative of the Public 
Utilities Commission and with said Legislators to serve ex officio; and the 
following 6 members to be appointed by the Governor, with the advice and 
consent of the Council, such members to be selected on the basis of their 
interest, education and experience in the areas of energy planning, research 
and development, to include one representative of industry, one representative 
of labor, one representative of the academic community, 2 representatives of 
the general public and one representative of the business community.
Sec. 5. 5 MRSA §§ 5008 and 5009 arc enacted to read :
§ 5008. Duties
The State Energy Resources Advisory Board shall meet at least 3 times 
each year and at other times at the request of the Director of the Office of 
Energy Resources or the Governor. The members of the board shall provide 
information and assistance in the development of a state energy resources 
plan and in the research and development phase of the office’s activities as 
requested by the director. The board shall act only in an advisory capacity 
and shall have no power to control the activities of the office.
§ 5009. Restrictions on employee interests
No member, officer or employee of the Office of Energy Resources shall 
acquire any interest, direct or indirect, in any contract or proposed contract 
negotiated or proposed by the Office of Energy Resources, nor shall any 
member, officer or employee participate in any decision or any contract 
entered into by the authority if he or she has an interest, direct or indirect, 
in any firm, partnership, corporation or association which will be party to 
such contract or financially involved in any transaction with the authority.
Emergency clause. In view of the emergency cited in the preamble, this 
Act shall take effect when approved.
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I n House of Representatives, *975
Read twice and passed to be enacted.
.............................................................................................Speaker
In Senate, .............  1975
Read twice and passed to be enacted.
...........................................................................................President
Approved................. ........................ 1975
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TABLE 1 - 1
ULTIMATE USES OF ENERGY IN MAINE, 1950-1974
(Billion BTU)
USE 1950 1955 1960 1965 1970 1974
All Ultimate Uses: 168,514 197,038 232,189 250,780 322,199 317,780
] Residential 49,402 59,176 58,203 66,080 75,605 78,242
Commercial 12,052 15,617 17,631 23,114 30,667 33,502
Industrial 65,038 67,932 81,181 76,492 104,580 105,757
Transportation 34,437 43,786 50,126 55,817 80,921 87,021
Miscellaneous 3,023 5,281 18,835 23,843 24,749 5,726
Electricity
Transmission Losses 2,295 2,936 3,178 3,944 4,723 7,532
Unaccounted for * 2,267 2,310 3,035 1,490 954
* Discrepancies resulting largely from indirect uses of fuel (mostly for production of 
gas and electricity).
Conversion of data from original units to British Thermal Units is shown in Table 15. 
Data on each use by source of fuel are shown below.
TABLE 1 - 2
RESIDENTIAL USE OF ENERGY IN MAINE, 1950-1974
(Billion BTU)
SOURCE 1950 1955 1960 1965 1970 1974
M l  Sources: 49,402 59,176 58,203 66,080 75,605 78,242
Coal * 2,620 1,755 707 445 49 92
Fuelwood 6,554 5,359 4,643 4,517 4,323 4,561
Utility Gas 3,301 3,458 3,563 3,511 1,010 645
Mfg. or mixed ** 3,301 3,458 3,563 3,511 210
Natural Gas — — — 800 645
Petroleum * 30,695 39,036 37,780 43,787 50,239 46,304
Distillate 11,190 18,034 22,840 29,725 37,356 36,517
Kerosene 18,048 19,063 12,984 11,641 10,110 6,328
LPG 1,457 1,939 1,956 2,421 2,773 3,459
Electricity ** 6,232 9,568 11,510 13,820 19,984 26,640
* Direct use only; ** Btu’s needed to generate energy.
TABLE 1 - 3
COMMERCIAL USE OF ENERGY IN MAINE, 1950-1974
(Billion BTU)
SOURCE 1950 1955 1960 1965 1970 1974
All Sources: 12,052 15,617 17,631 23,114 30,667 33,502
Coal * 1,310 865 367 236 25 46
Utility Gas 1,624 1,729 1,782 1,782 557 576
Mfg. or Mixed ** 1,624 1,729 1,782 1,782 157 —
Natural Gas — — — — 400 576
Petroleum * 5,683 9,136 11,542 15,013 18,828 18,624
Distillate 5,592 9,017 11,423 14,860 18,675 18,261
LPG 91 119 119 153 153 363
Electricity ** 3,435 3,887 3,940 6,083 11,257 14,256
* Direct use only; ** BTU’s needed to generate energy
TABLE 1 - 4
TRANSPORTATION USE OF ENERGY IN MAINE, 
1950-1974 
(Billion BTU)
SOURCE 1950 1955 1960 1965 1970 1974
All Sources: 34,437 43,786 50,126 55,817 80,921 87,021
Coal 2,830 _________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Petroleum 31,607 43,786 50,126 55,817 80,921 87,021
Residuals 912 2,615 3,175 2,986 8,695 9,971
Distillate 2,330 4,613 3,850 4,130 7,485 8,242
Jet Fuel * — 120 251 5,858 3,827
Gasoline 28,365 36,558 42,981 48,450 58,883 64,981
* For commercial aircraft only.
TABLE 1 - 5
INDUSTRIAL USE OF ENERGY IN MAINE, 1950-1974
(Billion BTU)
SOURCE 1950 1955 1960 1965 1970 1974
All Sources: 65,038 67,932 81,181 76,492 104,580 105,757
Coal * 26,095 22,270 19,152 734 1,106 1,177
Fuelwood 1,941 1,941 2,101 2,077 2,042 2,212
Utility Gas 681 1,362 1,467 1,467 512 503
Mfg. or Mixed ** 681 1,362 1,467 1,467 52 —
Natural Gas — --------- -- — — 460 503
Petroleum * 17,351 20,750 35,143 46,910 67,137 62,909
Residual 16,566 19,804 33,912 44,965 57,840 60,399
Distillate 513 583 862 1,491 8,860 2,062
LPG 272 363 369 454 437 448
Electricity ** 18,970 21,609 23,318 25,304 33,783 38,956
Utilities (Total) 10,002 11,416 12,701 17,197 22,839 25,665
Industries (Hydro) 8,968 10,193 10,617 8,107 10,944 13,291
* Direct use only; ** BTU’s needed to generate energy.
TABLE 1 - 6
MISCELLANEOUS USES OF ENERGY IN MAINE, 1950 - 1974 
(Billion BTU)
SOURCE 1950 1955 1960 1965 1970 1974
\11 Sources: 3,023 5,281 18,835 23,843 24,749 5,726
Petroleum 2,309 4,112 16,871 20,732 22,161 3,256
Residual 2,175 3,961 9,644 2,848 18,509 610
Distillate 134 151 4,165 3,833 2,627 1,235
LPG — — — — 102 57
Jet Fuel — — 3,062 14,051 923 1,354
Electricity ** 714 1,169 1,964 3,111 2,588 2,470
* Direct use only; ** BTU’s needed to generate energy.
TABLE 1 - 7
SOURCES OF ENERGY IN MAINE, 1950-1974
(Billion BTU)
SOURCE 1950 1955 1960 1965 1970 1974
All Sources: 168,514 197,038 232,189 250,780 322,199 317,780
Coal 38,540 31,440 27,484 8,174 1,573 1,315
Fuelwood 8,495 7,300 6,744 6,594 6,365 6,773
Natural Gas — — — — 1,660 1,724
Petroleum 95,927 128,343 166,288 211,703 270,602 243,724
Hydropower 28,424 33,665 33,697 23,974 33,144 33,290
Nuclear Power — — — — — 38,099
Net Electricity
Imports (+) or
Exports (-) -2,872 -3,710 -2,024 + 335 +8,855 -7,145
TABLE 1 - 7A
ALL USES OF ENERGY IN MAINE BY SOURCE, 1950-1974
SOURCE 1950
(Billion
1955
BTU)
1960 1965 1970 1974
All Sources: 168,514 197,038 232,189 250,780 322,199 317,780
Coal * 32,855 24,890 20,226 1,415 1,180 1,315
Fuelwood 8,495 7,300 6,744 6,594 6,365 6,773
Utility Gas 5,606 6,549 6,812 6,760 2,079 1,724
Mfg. or Mixed ** 5,606 6,549 6,812 6,760 419 —
Natural Gas — — — — 1,660 1,724
Petroleum * 87,645 116,820 151,462 182,259 239,286 218,114
Residual 19,653 26,380 46,731 50,799 85,044 70,980
Distillate 19,759 32,398 43,140 54,039 75,003 66,317
Kerosene 18,048 19,063 12,984 11,641 10,110 6,328
LPG 1,820 2,421 2,444 3,028 3,465 4,327
Jet Fuel — — 3,182 14,302 6,781 5,181
Gasoline 28,365 36,558 42,981 48,450 58,883 64,981
Electricity ** 31,646 39,169 43,910 52,262 72,335 89,854
Utilities (Total) 20,383 26,040 30,115 40,211 56,668 69,031
Industries (Hydro) 8,968 10,193 10,617 8,107 10,944 13,291
Transmission Losse:; 2,295 2,936 3,178 3,944 4,723 7,532
Unaccounted For 2,267 2,310 3,035 1,490 954
* Direct use only; ** BTU's Needed to generate energy
TABLE 1 - 8
SALES OF COAL TO CONSUMERS IN MAINE, 1950-1974
USE
(Thousands of 
1950 1955
Tons)
1960 1965 1970 1974
All Uses: 1,471 1,200 1,049 312 64 57
Residential ^ 100 67 27 17 2 4
Commercial ^ 50 33 14 9 1 2
Industrial 996 850 731 28 45 51
Transportation 3 108 — — — — —
Gas Production 214 250 260 258 16 —
Electricity Generation 3 0 17 — — —
1 Estimated at 67% of sales by retail 
dealers ;~*railroads
dealers; O estimated at 33% of sales by retail
Sources: U.S. Bureau of Mines, American Gas Association, Electric Council of New
England.
USE
TABLE 1 - 9
SALES OF FUELWOOD TO CONSUMERS IN MAINE,
1950-1974
(Cords)
1950 1955 1960 1965 1970 1974
All Uses: 438,000e 376,000e 347,497e 340,000e 328,000e 349,000e
Residential oResidential •3Industrial
e— Estimated by PARC
187,716 
150,OOOe 
100,OOOe
126,124 
150,OOOe 
100,OOOe
83,153
156,096
108,247
45,742 
187,OOOe 
107,OOOe
3,500e 
219,275 
105,225
-- e
235,OOOe 
114,OOOe
Cut on Farms; 
Industries.
2 3Roundwood cut by forest industries; Plant by-Products of Forest
Sources: U.S. Census of Agriculture; U.S. Forest Service, Maine Bureau of Forestry (1974)
TABLE 1 - 1 0
USE
SALES OF UTILITY GAS TO CONSUMERS IN MAINE, 1950-1974
19741950
(Thousand Therms)
1955 1960 1965 1970
All Uses: 10,700 12,500 13,000 12,900 17,900 17,240
Residential 6,300 6,600 6,800 6,700 8,400 6,450
Commercial 3,100 3,300 3,400 3,400 4,800 5,760
Industrial 1,300 2,600 2,800 2,800 4,700 5,030
Sources: American Gas Association; U.S. Census of Manufactures; Northern Utilities 
(1974).
Table i-n
SALES OF PETROLEUM PRODUCTS FOR ENERGY USE IN MAINE, 1950-1974
(thousand barrels)
Use 1950 1955 1960 1965 1970 1974
Residual Oils: 4 , 347 5,898 9,689 12,627 18,399 15,272
Industrial ^ 2,635 3,150 5,394 7,152 9,200 9,607
Transportation 145 416 505 475 1,383 1,586
Miscellaneous2 
Gas & electricity
346 630 1,534 453 2,944 97
generation 2 1,221 1,702 2,256 4,547 4,872 3,982
Distillate Oils: 3,496 5,703 7,516 9,424 12,994 11,484
Residential4 1,921 3,096 3,921 5,103 6,413 6,269
Commercial2 960 1,548 1,961 2,551 3,206 3,135
Industrial ^ 88 100 148 256 1,521 354
Transportation 400 792 661 709 1,285 1,415
Miscellaneous 7 
Electricity gener
23 26 715 658 451 212
ation2 104 141 110 147 118 99
KerosIne:
Residential 3,183 3, 362 2,290 2,053 1,783 1,116
T i i q u i d  P e t r o l e u m
Gases: 0 321 427 431 534 611 763
Residential^ 257 342 345 427 489 610
Commercial^ 16 21 21 27 27 64
Industrial1^ 48 64 65 80 77 79
Miscellaneous — — — — — — 18 10
Jet Fuel: — — 583 2,620 1,242 949
Transportation -- — 22 46 1,073 701
Miscellaneous 7 — — 561 2,574 169 248
Gasoline:
Transportat ion 5,405 6,966 8,190 9,232 11,220 12,382
All Petroleum: 16,752 22,355 28,699 36,490 46,249 41,967
Residenti al 5,361 6,800 6,556 7,583 8,685 7,995
Commercial 976 1,569 1,982 2,578 3,233 3,199
Industrial 2,771 3, 314 5,607 7,488 10,798 10,040
Transportation 5,950 8,173 9,378 10,462 14,961 16,084
Miscellaneous 
Gas & electricity
369 656 2,810 3,685 3,582 567
generation 2 1,325 1,843 2,36 6 4,694 4,990 4,081
^Mostly vessel bunkering; ^heating oils, oil companies, military &
miscellaneous; 2by utilities only; ^estimated at 67% of heating oils,
^estimated at 33% of heating oils; ^mostly by highway vehicles and
vessels; 'mostly military 
5% of total; ^estimated
; ^estimated at 80% 
at 15% of total
of total ; ^estimated at
Sources: U.S. Bureau of Mines; U.S. Census of Manufactures; U . S .
Army Corps of Engineers (jet fuel)
TABLE 1 - 1 2
WATERBORNE RECEIPTS OF PETROLEUM PRODUCTS IN MAINE, 1950-1974
(Thousands barrels)
PRODUCT 1950 1955 1960 1965 1970 1974
Imports: 3,881 4,455 7,964 19,079 15,599 1 6 ,7 9 8
Gasoline 23 — — — — 1 ,7 9 1
Jet Fuel — — 171 — — —
Kerosene — — — — 369 602
Distillate — — — 170 534 1,635
Residual 3,858 4,455 7,793 18,909 14,696 12,770
Coastwise Receipts: 14,837 20,494 25,009 30,120 34,729 33,887
Gasoline 6,634 9,674 11,612 14,453 14,851 16,622
Jet Fuel — — 413 2,620 1,242 949
Kerosene 3,324 3,672 3,351 2,289 2,121 2,027
Distillate 4,640 6,627 8,973 10,224 13,457 12,945
Residual 239 521 660 534 3,058 1,344
Total Waterborne Receipts:
18,718 24,949 32,973
Source: Derived from data of the U.S. Army Corps of
49,199
Engineers
50,328 50,685 
in Waterborne
Commerce of the United States
TABLE 1 - 1 3
SALES OF RESIDUAL OIL IN MAINE BY USE, 1940-1985 
(Thousand Barrels)
ELECTRIC
YEAR TOTAL TRANSPORTATION UTILITIES INDUSTRIAL MISCELLANEOUS
1940 1,679 21 302 1,013 343
1945 1,718 322 276 912 208
1950 4,347e 145 1,221 2,635e 346
1955 5,898e 416 1,702 3,150e 630
1960 9,689e 505 2,256 5,394e 1,534
1965 12,627e 475 4,547 7 ,152e 453
1970 18,399 1,383 4,872 9,200e 2,944
1975 15,884 1,500 2,816 9,468 2,100
1980 22,571 1,500 7,239 11,232 2,600
1985 24,467 1,500 8,057 11,810 3,100
OMostly vessel bunkering; Oil companies, military, and miscellaneous; e— estimated by PARC.
Sources: U.S. Bureau of Mines; U.S. Census of Manufactures; Paper Industry Information 
Office; projections by Portland Pipeline Company, Electric Utilities, paper 
companies, PARC.
Table 1 -l4
GENERATION OF ELECTRICITY IN MAINE, 1950-197*+
(Million KWH)
SOURCE 1950 19 5 5 1960 19 6 5 1970 197*+
Utilities: 1 ,6 8 1 2,*+0*+ 2 ,967 3,789 4 ,5 2 7 7,557
Hydro 1,280 1,727 1,939 1,372 1,913 1 ,7 5 6
Steam
Petroleum or coal 350 610 968 2,338 2,575 2,187
Nuclear — — — — — 3 ,5 74
Gas Turbine & Internal
Combustion 51 6 7 60 79 39 *+0
Nonutilities: 1,00*+ 1 ,*+01 1 ,7 2 8 2,061 2,735 2,933
Hydro 590 750 892 701 943 1,167
Thermal *+1*+ 651 836 1,360 1,792 1 ,7 6 6
Totals: 2,685 3,806 4,695 5,850 7 ,2 6 2 10,*+90
Hydro 1,870 2 ,4 77 2,831 2,073 2,856 2,923
Thermal 815 1,329 1,86*+ 3,777 *+,*+06 7 ,5 6 7
Sources: Electric Council of New England; Federal Power Commission 
Table 1-15
SALES OF ELECTRICITY TO CONSUMERS IN MAINE,
(Million KWH)
1950-197*+
CONSUMER 1950 1955 1960 1965 1970 197*+
Utility sales to Ultimate
Users: 1 ,5 4 1 1 ,9 1 6 2,530 3 ,4 7 7 *+,883 6,232
Residential *+10 70*+ 967 1,195 1 ,7 2 2 2,405
Commercial 226 286 331 526 970 1 ,2 8 7
Industrial 658 8*+o 1,067 1,487 1,968 2,317
Miscellaneous *+7 86 165 269 223 223
Utility Transmission
Losses: 151 216 267 3*+l *+07 680
Utility Net Imoorts (+)
or Exports (-): -189 -273 - 1 7 0 +29 +763 -6*+5
Nonutility Use & Resale: 1,00*+ 1 ,*+01 1 ,7 2 8 2,061 2,735 2,933
TOTAL: 2,685 3,806 4,695 5,850 7,2 62 10,*+90
1
9% of utility generation
Sources: Electric Council of New England; Federal Power Commission
Table 1^ .16 typical electric bills-residential- January i, 1972
C O M M U N ITIE S  OF 2.500 P O P U L A T IO N  AND MORE
- 5 S oO
MINIMUM
5 3
Z Qf
“ 8O KJ
LIGHTING, APPLIANCES, 
REFRIGERATION. COOKING
COMMUNITY POPULATION 2 - AND WATER HEATING UTILITY SERVING COMMUNITY
“ at
AJrfOUNT k rn 100 250 500 750 000INC KWH K WH KWH kwh KWH
M A I N E
J i S i S S
♦ 26 151 1 OU 6 5 1 9 8 66 C 11 73 c 15 7 1 c 21 6b CtNlHAL H A ]ml HU w E R CO
* *'JC-US1 A 21 V 9 S 1 OU 6 5 1 9 8 66 c 11 / 3 c 15 7 1 c 21 68 C tM - A L  ha 1 Nt HOwLH CO
♦ E -NOOK 33 1 68 1 5U 15 5 1 7 8 3 1 c 1 2 32 c 1 7 05 21 6 H fcANoUH H YD KC-tL tCTK1C CO /16
♦ 5 A 1 H 9 6 / 9 1 OU 6 5 1 9 8 66 c 11 73 c 1 5 71 c 2 1 6 b I t M - A L  MA 1 Nt PU-tK  t o
♦ b l l f  a s i S 957 1 OU 6 5 1 9 8 66 c 11 73 c 1 5 71 c 2 1 68 CLNT HAL HAINt HOWE* CO
* b 1 DOE F URD 1 9 9b 3 1 00 6 5 1 9 e 66 c 11 7 3 c 15 71 c 2 1 6 b C tM N A c  ►* A I N t  HO* t H CO
- E F t « [ K 9 3U0 1 50 15 5 1 7 e 3 1 c 12 32 c 1 7 05 21 6 H CANUCK H Y JK O - tL tC TK IC  CO /16
• SRUNSw1CK 1 0 86 7 1 00 6 5 i 9 8 66 c 11 73 c 15 7 1 c 21 68 I t M K A L  MAlNt PUWtN CO
x C A LA I s A 09 9 1 25 1 U 5 25 9 50 1 3 50 19 75 26 20 LA S l tH N  MA]Nt t  L t C CUOH ] NC
♦ CAM3tN 3 992 1 OU 6 5 1 9 8 66 c 11 73 c 15 7 1 c 2 1 6b CtNlHAL - M N t  HOWtK CO
♦ C AP’fc t L U A S E l H 7 B 73 1 OU 6 5 1 9 8 66 c 11 73 c 15 7 1 c 2 1 6 b U M h A, MAlNt P 0* t «  t o
• CAR 1 CJOU 1C 9 1 9 1 01 8 5 9 7 10 19 c 16 9 6 c 20 39 c 25 66 HA]Nt HUOLIC S t H V j C t  CO
OLATEfc 2 7 32 1 00 6 5 1 9 8 66 c 11 7 3 c 15 7 1 c 21 68 CENTRAL ~A]N t  HUWEK CO
♦ vt K 8 CXCKQM 3 1 02 1 00 6 5 1 9 8 66 c 11 73 c 15 7 1 c 21 68 CtN lHAL MAJNt HUWtH CO
♦ E A b I P J L L lN O C I t t l 2 569 1 so 15 5 1 7 8 3 1 c 1 2 32 c 1 7 05 21 68 BANGUR HTO HC-tLtCTHlC  CO /16
♦ ELLSWORTH A 603 1 50 15 5 i / 8 31 c 12 32 c 1 7 05 2 1 6 8 BANGOR HY jKO- tLECTH lC  CO /16
* F A ] R E ] t L U 3 699 1 00 6 5 1 9 8 66 c 11 73 c 15 7 1 c 21 6b CENT HAL MA] Nt H'JNfcN CO
♦ F AL MOU1H 6 291 l oo 6 5 19 8 66 c 1 1 73 c 1 5 7 1 c 21 68 CtN lHAL -A ]N t  HUWEK CO
« f An Ml NGTON ' 3 096 1 OU 6 5 1 9 8 66 c 1 1 73 c 1 5 7 1 c 21 68 CENT k Al MAlNt how E N CO
♦ fO '7  n tN ) 2 d 76 1 01 8 5 9 7 1 0 19 c 1 6 96 c 20 39 c 25 66 M t JN t  HUBL IC S LK V lC E  CO
* GAn JlN tW 6 6 ti 5 1 00 6 5 1 9 8 66 c 1 1 7 3 c 1 5 71 c 2 1 68 C E M h Al MAI N t HUWEK CO
* o : « ham 3 33 7 1 00 6 5 1 9 8 66 c 1 1 73 c 1 5 7 1 c 21 6 8 CENTRAL MAlNt H J*E  K CO
• p & LLCk tLL 2 8 1 9 l oo 6 5 1 9 8 66 c 1 1 / 3 c 15 7 1 c 2 1 6 8 CtN lHAL MAlNt HU*EH CO
* ♦ -COLT UN fc 7 fc> 0 2 00 29 ** 26 8 2 1 c 12 78 c 1 7 et c 22 6 8 HCj L 1 UN * A 1 EH CO
H L  NNE BUNK 2 769 1 50 25 3 V5 6 65 9 65 1 2 65 1 6 25 K t N% t w JNK l t  AN’J  R wK 01 s i
x I 1 T EMt 7 363 1 85 19 5 1 8 8 6 6 c 1 1 2 7 c 1 5 78 c 2 1 1 7 HJK StKV CO UF NEW HAMHbHjKt
♦ L '  « 151 UN 6 1 7 79 1 00 6 5 1 9 6 66 c 1 1 / 3 c 1 5 7 1 c 2 1 68 CLM HA L  MAlNt HUWEK CO
♦ L I n COl n 3 9 82 1 50 1 5 5 1 / e 3 1 c 12 32 c 1 7 05 2 1 6b tANSUK H Y JK C - tL tC T K IC  CO /16
♦ L ] 53CN F ALL S 3 25 7 1 00 6 5 19 8 66 c 1 1 7 * c 1 5 7 1 c 21 6 B CLM HAL  MAlN t  H o w t H CO
« w a :  A* A SKA A Ab2 1 01 8 5 9 7 1 0 1 9 c 16 96 c 20 39 c 25 66 MAINE HUBL1C SERV ICE  CU
• * au i so n 2 920 75 1 2 «. OU 7 OU c 9 75 c 1 2 et c 1 6 OU MALISON t t t c i w i c  WJHKS L)t H 1
* Ml X 1 CO 3 325 1 00 6 5 1 9 8 66 c 1 1 / 3 c 15 7 1 c 21 6 8 CEM HAL  MAlNt H 0 * E K CO
♦ M j L L 1 NOCKt T 7 558 1 5 U 1 5 5 1 7 8 3 1 c 1 2 3 2 c 1 7 C 5 21 6 8 t  AN oOR HYO KG-kL tCTKK  CO /16
♦ DLL' OWCHAKO BtACH 5 2 7 J 1 00 6 5 19 8 66 c 1 1 73 c 1 5 7 1 c 21 68 C t M K A l MAlNt H J *  E H CO
♦ OL £ TOWN 9 05 7 1 50 1 5 5 1 7 8 31 c 12 32 c 1 7 05 21 6b c ANoUK r lYDHC-tLbClK JC  CO /16
4. Oh U NO 9 196 i 50 1 5 5 1 7 8 3 1 c 12 32 c 1 i 05 21 6 ° fcANGCK HYOHO-ELEC TK I C CO /16
♦ b 11 r s E i to o 3 398 1 00 6 5 1 9 8 66 c 1 L 7 3 c 15 7 1 c 21 68 CENTRAL MAlNt HOWEH CO
♦ P Oh TL a n j 65 1 16 1 OU 6 5 19 8 66 c 1 1 73 c 15 7 1 c 21 68 CENTRAL MAINE HOWEH CO
♦ PP tb U U t  IbLE 1 1 952 l 01 tt 5 9 7 10 19 c 1 6 96 c 20 39 c 25 66 P A IN t  PUBL IC  S t P V I C E  CU
* ROCKLAND B 5 U 5 1 00 6 5 1 9 fl 66 c 1 l 7 3 c 15 7 1 c 2 1 68 CENTRAL MAlNt HUw E H CO
♦ Rum F'JKO 6 1 9 8 l oo 6 5 1 9 8 66 c 1 l 7 3 c 1 5 71 c 21 6 8 CENTRAL MAlNt HO*ER CO
♦ SACU 1 1 6 7 8 l 00 6 5 1 9 8 66 c 1 1 7 3 c 15 7 1 c 2 1 68 CENTRAL MAlNt HOWEH CO
♦ S a n FCh 'J 1C 95 7 1 00 6 5 1 9 8 66 c 1 1 / 3 c 15 7 1 c 21 68 CENTRAL M A 1 N t  ROWER CO
* S x 0 * r* t  O A N 6 5 7 1 1 00 6 5 1 9 8 66 c 1 1 7 3 c 15 7 1 c 2 1 68 CENTRAL MAlNt HUwEH CO
♦ s co rn  h -j k t l a n u 23 26 7 l OU 6 5 1 9 8 6 6 c 1 1 7 3 c 1 5 7 1 c 21 6 8 CENTRAL MAlNt HUWtH CU
♦ SPHI NOVALL 2 919 1 00 6 5 19 8 66 c 11 73 c 15 7 1 c 2 1 68 CENTRAL MAlNt HU*EH CO
♦ TCPbHA- 2 700 1 00 6 5 19 8 66 c l 1 73 c 15 7 1 c 2 1 6b CENTRAL MAlNt H'J*EH CO
•VAN b'jKtN 3 929 50 6 5 00 8 OU c 1 l 50 c 1 5 50 c 20 5 0 v an  S' JMtN L IG H I  A NO R * W OIST
♦ -11t « V l t t f c 1 8 192 1 00 6 5 1 9 8 66 c 1 1 l 3 c 15 7 1 c 2 1 6« CENTRAL MAINE HOWEH CO
♦ - r b t s r u o k 19 9 9 9 1 00 6 5 1 9 8 66 c 1 L / 3 c 15 7 1 c 2 1 68 CENTRAL MAINE ROWER CO
* « INSLU* 5 389 1 00 6 5 1 9 8 66 c 1 1 / 3 c 1 5 7 1 c 2 1 68 CENTRAL MAlNt HOw £ K CO
4 « I NlHR'JH 2 5/1 1 00 6 5 1 9 8 66 c 11 7 3 c 15 7 1 c 2 1 68 CENTRAL MAlNt HOWEH CO
Table 1-16 (cont’d) t y p i c a l  e l e c t  k i c : b i l l s  - c o m m e r c i a l  - J a n u a r y  i. iv?2
CITIES OF 50,000 POPULATION AND MORE t
COMMUNITY
YC ■< OUL (
uyir e* oiility FOBir S l» CATION
o S
0. a
V
BILLING DEMANDS (KILOWATTS) AND 
MONTHLY CONSUMPTION (KILOWATT-HOURS)
UTILITY SERVING COMMUNITY
30 KW 6 0 KW 1^0 KW 30 0 KW *00 KW
375 KWH 750 KWH 1 500 KWH 6 000 KWH 10.COO KWH
| $ * «• *MAINE
* r -N E-l GEN IB 96 30 93 98 85 138 AO 218 CO 3ANG0R HYDR0-ELFCTR1C CO
• 2-1 P 1 1 06 22 1 3
♦ r-2 P 35 85 122 90 197 00
• IO1S10N SG5 GEN 21 59 39 06 58 1 5 160 10 228 50 CENTRAL m A1ne power CO
♦ PORTLAND SGS GEN 21 59 39 08 58 15 160 10 228 50 CENTRAL " A 1NE PCwER CO
T Y P IC A L  E L E C T R IC  B IL L S  - IN D U S T R IA L  ■ JA N U A R Y  1. 1972
CITIES OF 50.000 POPULATION AND MORE t
c Cmuj niT y
SCHEDULE
D£S'GNAT>ON
USED BY UTILITY 
FOR
IDENTiF >C ATiON
O y
UJ >a a
A
BllLtHG DEMANDS iKfL 0«ATTS) AND MONTHLY CONSUMPTION (KIL CWATT-HOURSl
UTILITY SERVING COmmJNITY75 KIL C» AT 7 5 150 KiLC«ATTS 3CC KILOWATTS 50C KILOWATTS 1000 KILOWATTS
15, OX 
K *H
30 000 
K*H
30.000 
K *H
60 COO 
K WH
60,000
KWH
120.000
KWH
ix ooo
KWH
x c . c o c
KWH
200.000
KWH
4X.OOO
KW71
J S S t ) s s s S s
M A I N E
l ' -2 ^*L 3 U b <• V2 M2 VBA 1 22<. 1 9 b b BANGOP HYOwC-FLECT»1C CO
V-** ~WL 1 V 7 0 3 OfcO 3 V*0 6 1 20
♦ L L•I b 1 UN it 140 mwl 32V ; u bb 7 1 l’BV 1 31b 2 1 79 2 192 CENTRAL i - i ls t  POWER CO
SUb M JL 3 Afc b2V bbH 1 Oi l 1 3 C V 2 03 b 2 It 3 3 3 7 3 a 323 6 7*3
P-2 1 3 0 1 912 2 1 Cb 2 B VI 3 b 2 1 b 0 7 A
k “ V L 2vv T-A tb / 1 Lev 1 31b 2 17V 2 1 V 2 CENTP‘ 1 WiplE P0»EK CO
SO 5 *« J L 3-0 b2 v e t c 1 U3 1 1 3 C V 2 C 3 b 2 163 3 3/3 a 22 3 6 7 * 3
P - 2 -KL 1 3*0 1 9 12 2 1 Cb 2 BVl 3 b 2 1 b 0 7*.
Table 1-17 typical  electric bills-residential - Ja n u a r y  1. 1973
CO M M UN IT IES  OF 2.S00 PO PU LA T IO N  AND M ORE
c o t W H in r POPULATKDN
BILL
O UA
-  J V ^  
S | ! o
*“* Q- u_ ■< -J QC
o
5
oj ~ X
5 i 3_J O O
a- ac o^  — X 
ae
LIGHTING. APPLIANCES. 
REF2'G£2AT iDn . COOKING 
AND fATEB  HEATiNG t/TlUTY t ta v : *G  COt=^Lw i r r
A K X * T K W
INC.
IDO 
PC WH
250
KWH
500 
K W
750
K W
1.000
K W
s > s t i >
M A I N E
♦ A t e t R N 2 * 151 1 1C 6 5 77 9 6 6 c 13 19 c 17 71 c 2 A 18 C E N T R A L  M A IN E  PCW ER  CO
♦ A L C l STA 2 1 S A 5 1 1C t 5 77 9 66 c 1 3 19 c 17 .7 1 c 2A 18 C E N T R A L  M A IN E  POWER CC .
♦ BANC-CR 33 16.3 1 7C 15 5 77 9 20 c 13 54 c 18 6 8 23 AS 5ANC-CR H Y D B C - E L E C T R  1C CO / 1 6
♦ B A It- S 679 1 1C 6 5 77 9 6 6 c 13 19 c 17 71 c 2A 18 C E N T R A L  M A. I N E PCW ER  CO
♦ B E L F A S T 5 957 1 1C 6 5 7 7 9 6 6 c 13 19 c 17 71 c 2A 18 C E N T R A L  M A IN E  PCWER  CC
6 IC C E F C R D I S 983 1 1C 6 5 7 7 9 66 c 1 3 19 c 17 71 c 2A 18 C E M F A L  M A IN E  PCW ER  CC
♦ B R E - E R s 300 1 7 C 15 5 7 7 9 20 c 13 5 a c 18 6 8 23 49 BANGCR H Y C R C - E L E C T S 1C CO / I  6
♦ e a L N ' w i C K IC 367 1 1 0 6 5 7 7 9 6 6 c 13 I S c 17 7 1 c 2A 18 C E N T R A L  M A IN E  P C - E R  CO
C A L A I S 4 04 4 1 25 1 0 5 25 9 50 13 50 19 75 2A 2 C E A S T E R N  M A IN E  E L E C  COCP IN C  /5
♦ CAMCEN 3 A S 2 l 1 0 6 5 7 7 9 66 c 1 3 19 c 17 7 1 c 2A 18 C E N T R A L  M A IN E  PCW ER CC
♦ C A P E  E L I Z A B E T H 7 973 1 1 0 6 5 7 7 9 66 c 1 3 19 c 17 7 1 c 2A I S C E N T R A L  M A IN E  P C - E R  CC
♦ C A R I 6 CL 1C A19 1 OC 8 5 96 1C 16 c 1A 91 c 2 0 3 1 c 25 56 Ma i n e  p u b l i c  s e r v i c e  c o / 1 6
♦ D E X T E R 2 732 1 1 0 6 5 7 7 9 6 6 c 13 19 c 17 71 c 2A 18 C E N T R A L  M A IN E  PC W E R  CO
♦ C C VE R  FC X C R C F T 3 1 0 2 1 1C 6 5 7 7 9 6 6 c 13 19 c 17 7 1 c 2A 1 ? C E N T R A L  M A IN E  P C « £R CO
♦ E A ST  M I L L I N C C K E T 2 564 1 70 15 5 77 9 20 c 1 2 5A c 18 6 8 23 49 b a n c -c r  h y d r c - e l e c t r i c  c c / 1 6
♦ e l l e w c r t h 4 603 1 70 15 5 77 9 20 c 13 5 A c 18 68 23 49 b a n c -c r  h y d r c - e l e c t r i c  CO / 1 6
♦ F A I R F I E L D 3 69A 1 1C 6 5 77 9 6 6 c 13 1 9 c 17 7 1 c 2A 18 C E N T R A L  M A IN E  PCW ER  CO
♦ F A L " C L l F 6 291 1 1 0 6 5 77 9 66 c 13 19 c 17 7 1 c 2A i 8 C E N T R A L  M A IN E  P C - E R  CO
♦ F A R - I N C 1 C N 3 096 1 1 0 6 5 77 9 66 c 1 2 19 c 17 71 c 2A 18 C E N T R A L  M A IN E  P C - E R  CO
* FCB  T KENT 2 B 7 6 1 OC 8 5 96 10 16 c 1 A 91 c 2 C 3 1 c 25 56 M A IN E  P U B L I C  S E R V I C E  CO / 1 6
♦ G A R C i n e r 6 685 1 1 0 fc 5 7 7 9 66 c 1 3 1 9 c 17 7 1 c 2 A 1 3 C E N T R A L  M A IN E  P C - E R  CO
♦ GCR h AV 3 337 1 1 0 6 5 7 7 9 66 c 1 3 19 c 17 7 1 c 2A i e C E N T R A L  M A IN E  P C - E R  C O '
♦ K A L L C - E L L 2 8 1 A 1 1C 6 5 7 7 7 6 6 c 13 1 9 c 17 7 1 c 2 A 18 C E N T R A L  M A IN E  PCWER  CO
•H CLLTCN 6 760 2 OC 2A 4 26 8 21 c 1 2 78 c 17 8 6 c 22 63 H C L L T C N  WATER CO
• K cN N cB LM C 2 7 6 A 1 50 25 3 95 6 65 9 65 1 2 65 16 25 K E N N E3 U N K  LT  ANO PWR C I S T
K I T T E S T 7 363 1 85 1A 5 1 8 8 64 c 1 1 2 7 c 15 78 c 2 1 17 P L E  S E R V  CO OF NEW H A M P S H I R E
L E W I S T C N M 779 1 1 0 6 5 7 7 9 6 6 c 13 19 c 17 7 1 c 2A 18 C E N T R A L  M A IN E  P C - E S  CC
♦ L I N C C L N 3 A 8 2 1 70 15 5 77 9 20 c 1 3 5A c 18 6 8 23 4 9 b a n c -c r  h y d r c - e l e c t r i c  c o / 1 &
♦ L I S B C N  F A L L S 3 257 1 1C 6 5 77 9 6 6 c 13 19 c 17 71 c 2A 13 c e n t r a l  M A IN E  PCWER  CC
♦ m a c a w a s k a 4 A 5 2 1 00 8 5 96 1 C 16 c 1 A 91 c 20 31 c 25 56 M A IN E  P U B L I C  S E R V I C E  CO / 1 6
•M A C ISC N 2 920 75 1 2 4 00 7 CO c 9 75 c 1 2 es c 16 CC M A D IS O N  E L E C T R I C  WORKS C E P T
♦ HEX ICC 3 325 1 1 0 6 5 77 9 6 6 c 13 19 c 17 71 c 2A I S C E N T R A L  M A IN E  P C - E R  CC
* M I L L I N C C K E T 7 559 1 70 15 5 77 9 20 c 13 5 A c 18 6 8 23 4 9 b a n c -c r  h y d r c - e l e c t r i c  c o / 1 6
♦ OLC CRO-ARD B EACH 5 273 1 1 0 6 5 77 9 66 c 1 3 1 9 c 17 7 1 c 2A 1 3 C E N T R A L  M A IN E  P C - E R  CO
♦ OLC TCWN S 057 1 70 15 5 7 7 9 20 c 1 3 54 c 13 6 8 23 49 b a n c -c b  h y d r c - e l e c t r i c  c o / I 6
♦ C R C n C S l  A 6 l 70 15 5 7 7 9 2 0 c 13 54 c 18 6 8 23 49 BAN GC R H Y D R C - E L E C T R IC  CO / 1 6
♦ P I T T S F I E L D 3 399 1 1 0 6 5 7 7 9 6 6 c 1 3 19 c 1 7 7 L c 2A 18 C E N T R A L  M A IN E  P C - E R  CO
♦ P C R T LA N C 65 116 1 1 0 6 5 7 7 9 6 6 c 13 19 c 17 7 1 c 2A 18 C E N T R A L  M A IN E  P C - E R  CC
♦ p b e s c l e  i s l e 1 1 A 5 2 1 00 8 5 96 1 C 16 c 1A 91 c 20 3 1 c 25 56 M A IN E  P u S U C  S E R V I C E  CO / [ 6
♦ R C C C LA SC a 505 1 1 0 6 5 77 9 66 c 13 l  9 : 17 71 c 2A 13 C E N T R A L  M A IN E  P C w E R  CO
♦ RL H F C RC t 198 1 10 6 5 7 7 9 6 6 c 13 19 c 17 71 c 2A l 8 c e n t r a l  m a i n e  p c - e r  c o
♦ SACC l i 678 l 1 0 6 5 77 9 6 6 c 13 19 c 17 71 c 2A 18 C E N T R A L  M A I N E  P C w E R  C C
♦ s a n f c r d 1C A 5 7 1 1C 6 5 7 7 9 66 c 1 3 1 9 c 1 7 7 1 c 2 A 1 8 C E N T R A L  M A IN E  P C - E R  CO
♦ S X C . M E O A N 6 5 7  ; l 1C 6 5 7 7 9 6 6 c 1 3 19 c 1 7 7 1 c 2A i e C E M P A L  M A IN E  P C - E R  CC
♦ S C L T F  PORTLA ND 23 2 6 ’ 1 1C 6 5 7 7 9 66 c 1 3 19 c 1 7 7 l c 2 A i e C E N T R A L  M A IN E  P C - E R  CO
♦ s p h  I nc-v a l e 2 S1A 1 1C 6 5 7 7 9 66 c 13 19 c 17 71 c 2 A 18 C E N T R A L  M A IN E  P C - £ R  CO.
♦ TCPS*-* * 2 7 C 9 1 1C 6 5 7 7 9 66 c 1 2 1 9 c 17 7 1 c 2 A 18 C E N T R A L  M A IN E  P C - E R  CO
• V A N  B l S E N 3 42 9 c  r 6 5 cc e 00 c 11 5C c 15 5 0 c 20 5 C VAN E w R E N  L I G H T  AND P - R  C I S T
♦ W A T E R V l L L E i e 19 2 1 1C 6 5 7 7 9 66 c 13 19 c 1 7 7 1 c 2A 1 6 C E N T R A L  M A IN E  P C - E R  CC
♦ W E S T B R C C A 1A 4.4 4 1 1C 6 5 77 9 66 c 1 3 19 c 1 7 7 1 c 2A 18 C E N T R A L  M A IN E  P C - E R  CO
♦ W I  N S L C w « 389 I 1C 6 5 7 7 9 66 c 1 3 19 c 1 7 71 c 2A 18 C E N T R A L  M A IN E  PCW ER CC
* w i m f b c p 2 571 1 1C 6 5 7 7 9 66 c 12 19 c 17 7 1 c 2A 1 s C E N T R A L  M A IN E  P C - E R  CO
Table 1 - 1 7  ( c o n t ' d )  t y p i c a l  e l e c t r i c  b i l l s  - c o m m e r c i a l  - J a n u a r y  i . 1973
C ITIES OF 50,000 POPULATION AND MORE 1
C O M - H J N I T Y
vc -< o a i
Of
CS£C »t UTILITY 
iCf*" tf L A T, CM
U. UJ
o  y
UJ >
U  a>- U J
A
B I L L I N G  D E W . A N C S  < K I L C » A T T S !  A N D  
M O N T H L Y  C O N S U M P T I O N  ( K I L C * a T T  H O U R S !
U T I L I T Y  S E R V I ^ C  C O - a j U N i T Y .
3  0  K W 6  0  K W l iO  K W 3 0  0  K W * 0 . 0  K W
3 7 5  K W H 7 5 0  K W H 1 .5 0 0  K W H fc O O O  K W H 1 0 , 0 0 0  K W H
» $ * *• $
M A I N E
♦ s a n g c r E - l G E N 2 1 1 7 2 A  3 ; a is 1 5 2  0 7 2 3? 11 e a n c -c k  H Y D R C - E L E C T R I C  C O
♦ : - i p 1 2  2 A 2  A A 8
♦ : - 2 p X 2 S  2 9 1 3 3  6 6 2 1 5 2 0
*  L E - I 5 T C N 5 C 5 gen 2 A  cc 3 7  P S t  A t  f 1 7 9  O t 2  5 t  A 6 C E N T R A L  P A I N E  P C A  E  R  C C
♦ P O R T L A N D E C S G E N 2 A  C C 3 7  3 9 f A t t 1 7 9  C  6 2 5 6  A 6 C E N T R A L  P A I N E  P C W E R  C O
T Y P IC A L  ELECT K IC B IL L S  - IN D U S T R IA L  - JA N U A R Y  I. W 3  
CITIES Or 50,000 POPULATION AND MORE T
CCKC-CSITY
SCH£DULC  
CES:CXA .TCH  
USED  BT U T IL ITY  
F O R
I C E S ?  F  CA TIO N
o  u  
* A
S n o * T T s: A S3 MONTHLY C C ^ - o - •CN XILw' » * ! *  mCL*
U T IL ITY  SERVING ( X m j 'j n i TT •:5 x Lv: » » t ; {  >3-o <: . j w a TTS 300 X!L V w a TTS 5GC <IL : * a t t s \ y x  x*L C» * T T S
—  
i5 :*j l
X VRR
^ X O
X V i
j D.DOC 
X » H
60 :co
X WH
6C JOG 
X
120. COO 
X »H
I X . xo 
X *Vl
y x . x o
X «H
rCC.JOC 
X w”H
ccxc
X *H
■
--------------- -
s s $ s s s s s s s
M A I N E
• g i  n c  C a C- 2 “ 9L 335 53<* 669 1 C 6 7 l  339 2 1 34 0a NGOP H Y C P C - E L F C T R 1 C  CC
C-4 2 152 3 3C8 6 304 6 6 16
K LO “ RL 3 7 C b it n c 1 232 1 A f l 2 <-66 2 M B C E N T R A L  h a J n C P C - E R  CC
SC 5 “ L L 389 5 9 8 7^9 l 166 1 2 3C2 2 *• 7 6 3 8 16 4 853 7 633
F - 2 m ^ l l  M l 1 98 3 2 2 13 2 983 3 0 7 A 5 192
t '-0 “ RL 3 7 C t i t 7 *. C 1 232 1 i t  1 2 <*66 2 <*6 8 C E N T R A L  PAINE P C - E S  CO
scs hll 389 •^5 6 7 4 9 1 166 1 M  8 2 3 c : 2 4 ? 6 3 ? 16 a e53 7 633
P - 2 -QL 1 M l 1 9e3 2 2 13 2 98 3 3 6 7*. 5 192
r.ji
i:"-
Table 1-18 TYPICAL ELECTRIC BILLS-RESIDENTIAL - JANUARY 1, 1976
CO M M UN IT IES  OF 2.500 PO PU LA T IO N  AND M ORE
COMMUNITY fOPULATlOH
MINIMUM
•ILL
o
X _j
I I
- i
- o
a. o ce. u- 
<  UJ
o U J x 
T  U  < *
= I S 8  
5-<S2'-’
3$=S
LIGHTING, APPLIANCES, 
St FRIGE HAT ION, COOKING 
AND WATER HEATING l/TIUTY SERVING COMMUNITY
AMOUNT KWHINC
100 
IC WH
250.
KWH
500
KWH
730
KWH
1.000
KWH
t i > > S S
M A IN E
AUBURN 2A 151 3 00 30 6 A 8 n 05 17 A2 23 50 29 57 CENTRAL MAINE POwER CO /16
♦ AUGUSTA 21 9A5 3 00 30 6 A 8 n 05 17 A2 23 50 29 57 CENTRAL MAINE POWER CO /16
BANGOR 33 168 1 88 15 6 91 u 50 c 17 63 c 2A 65 31 29 EANGOR h y d r c - e l e c t r i c  CO /16
♦ BATH 9 679 3 00 30 6 A8 n 05 17 A2 23 50 29 57 CENTRAL MAINE POwER CO /16
♦ B ELFAST 5 957 3 00 30 6 AS u 05 17 A2 23 50 29 57 CENTRAL MAINE PO-ER  CO /L6
♦ 9 1 DOE FCSD 19 983 3 00 30 6 AB u 05 17 A2 23 50 29 57 c e n t r a l  Ma i n e  p c - e r  co  / u
♦ BREMER 9 300 1 68 15 6 91 i i 50 c 17 63 c 2 A 65 31 29 EANGOR h y d r o - e l e c t r i c  CO /16
♦ BRUNSWICK 10 867 3 00 30 6 A 8 n 05 17 A2 23 50 29 57 c e n t r a l  Ma i n e  p o w e r  co  / i t
C A L A IS 4 GA A 3 00 27 8 08 16 OA 26 2 A 38 8 A A9 AO EASTERN  MAINE ELEC  COOP INC
o CAMDEN 3 A 92 3 00 30 6 A8 1 1 05 17 A2 23 50 29 57 c e n t r a l  Ma i n e  p o - e r  co  / i 6 '
♦ c a p e  E l i z a b e t h 7 873 3 00 30 6 A8 11 05 17 A 2 23 50 29 57 CENTRAL MAINE POwER CO /16
♦ CAR1BCU 10 A 1 9 1 35 8 8 A9 15 66 c 25 65 c 35 13 c 44 60 MAINE P U B L I C  S E R V IC E  CO /16
♦ d e x t e r 2 732 3 00 30 6 A 8 11 05 17 A2 23 50 29 57 CENTRAL MAINE PC-ER  CO /16
♦ DOVER FCXCROFT 3 102 3 00 30 6 A6 11 05 17 A 2 23 50 29 57 CENTRAL MAINE PC-ER  CO / I 6
♦ EAST MILL1NOCKET 2 5 6 A 1 88 15 6 91 11 50 c 17 63 c 2A 65 31 29 EANGOR HYD RC-ELECTR IC  CO /16
♦ ELL5-CRTH 4 603 1 68 15 6 91 11 50 c 17 63 c 2A 65 31 25 EANGOR KY C RO - ELEC T R IC  CO /16
♦ F A I R F I E L D 3 6 9 A 3 00 30 6 A8 11 05 17 A2 23 50 29 -7 CENTRAL MAINE POWER CO /16
♦ F AL“ 0L'TH 6 291 3 00 30 6 AS 11 05 17 A2 23 50 28 57 CENTRAL MAINE PC-ER  CO /16
♦ FAR-INGTON 3 096 3 00 30 6 A6 11 05 17 A2 23 50 29 57 c e n t r a l  m a i n e  p c w e r  co  / i t
4 FORT KENT 2 876 1 35 8 8 A 9 15 68 c 25 65 c 35 13 c 44 60 MAINE P U B L I C  S E R V IC E  CO /16
• GARDINER 6 685 3 00 30 6 Ae 11 05 17 A 2 23 50 29 57 c e n t r a l  m a i n e  p c - e r  co  / i t
♦ g c Rram 3 337 3 00 30 6 AB 1 1 05 17 A 2 23 50 29 57 CENTRAL MAINE PO-ER  CO /16
♦ HALLC-ELL 2 8 1A 3 00 30 6 *8 1 1 05 17 A2 23 5 C 29 57 CENTRAL MAINE PC-ER  CO /16
* •HOUSTON 6 760 2 00 20 6 25 13 C7 23 01 31 61 A 2 2 I HOu LTO n - a TER CO
* •KENNE3UNK 2 76A 1 50 21 4 69 8 17 12 32 16 A7 21 28 KENNESUNK LT AND PWR d i s t
♦ K1T7ERY 7 363 1 95 1A 6 70 12 21 19 AO 27 53 36 3 l PUB SERV  CO OF NEW HAMPSHIRE /16
♦ LEWISTON A l 779 3 00 30 6 4 6 11 C5 17 A2 23 50 29 57 CENTRAL MAINE PC-ER CO /16
* L INCOLN 3 A82 1 88 15 6 91 11 50 c 17 63 c 2A 65 31 29 BANGCR H Y CRC-ELECTR IC  CO / I t
♦ L IS B O N  F A LLS 3 257 3 00 30 6 A6 11 05 17 A 2 23 50 29 57 CENTRAL MAINE PC-ER  CO /16
♦ KADAWASKA A A 5 2 1 35 8 8 A5 15 68 c 25 65 c 35 13 c 4 4 t o MAINE P U B L I C  S E R V IC E  CO /16
•MADISON 2 920 90 15 4 00 7 00 c 10 20 c 13 70 c 17 20 m a d i s c n  e l e c t r i c  w o r k s  d e p t
♦ MEXICO 3 325 3 00 30 6 A8 1 1 05 17 A 2 23 50 29 57 CENTRAL MAINE POwER CO /16
♦ M ILL IN O C X ET 7 558 1 88 15 6 91 11 50 c 17 63 c 2A 65 31 2? e a n g c R h y d r c - e l e c t r i c  co  / i 6
♦ o l d  o r c h a r d  e e a c h 5 273 3 00 30 t 4 £ 1 1 05 17 A2 23 50 29 57 CENTRAL MAINE PC-ER  CO /16
♦ o l d  TOWN 9 057 1 88 15 6 91 1 1 50 c 17 63 c 2A 65 31 29 EANGCR HYCRC-c LE C T R IC  CO / I t
♦ o r o n c 9 lAfc 1 £8 15 6 91 11 50 c 17 63 c 2 A 65 31 BANGCR H YD RC-ELECTR IC  CO / I t
♦ P I T T S F I E L D 3 ’ 398 3 00 30 6 A8 1 1 C 5 17 A2 23 50 29 57 CENTRAL MAINE PC-ER  CO /16
♦ P o r t l a n d 65 116 3 00 30 6 AB 1 1 05 17 A2 23 5G 29 57 CENTRAL MAINE PC-ER  CO / I t
♦ PRESDUE I S L E 11 A 5 2 1 35 8 8 A9 15 68 c 25 65 c 35 13 c 4 4 60 MAINE P U B L IC  S E R V IC E  CO /16
♦ ' RDCKL'AND 8 505 3 00 30 6 A S 11 05 17 A2 23 50 29 57 CENTRAL MAINE PC-ER  CO /16
♦ RUMPCRD 6 196 3 00 30 6 48 11 05 17 A 2 23 50 29 57 CENTRAL MAINE PC-ER  CO / I t
♦ SACO 11 678 3 00 30 6 A e 1 1 05 17 A2 23 50 29 57 CENTRAL “ A lNE PC-ER  CO /16
♦ S a n f o r d 10 A 5 7 3 00 30 6 A 5 I 1 05 17 A2 23 50 25 57 CENTRAL “ A lNE  PC-ER  CO /16
♦ S< C-nEG AN 6 571 3 00 30 6 4 8 11 05 17 A2 23 50 25 57 CENTRAL MAINE PC-ER  CO /16
♦ SOUTH PORTLAND 23 267 3 00 30 6 A 6 11 05 17 A2 23 50 25 57 CENTRAL MAINE PC-ER  CO /16
4 SPRINC-VALE 2 9 1 A 3 00 30 fc AS 1 1 05 17 A2 23 50 29 57 CENTRAL MAINE PC-ER  CO / I t
♦ TOPSHAM 2 700 3 00 30 feAB 1 1 05 17 A2 23 50 29 57 CENTRAL MAINE PC-ER  CO /16
•VAN EUREN 3 a 29 1 00 1 1 5 e i 10 03 c 15 55 c 21 58 c 26 60 VAN EUREN L IGH T  AND PWR D IS T
♦ WATERv I L L E 18 192 3 00 30 6 4 8 11 05 17 A2 23 50 29 57 CENTRAL MAINE PC-ER  CO /16
* w E STERCCK 1A A A A 3 00 30 6 AB 11 05 17 A2 23 50 29 57 CENTRAL MAINE PC-ER CO / I t
4 W IN S l C- 5 389 3 00 30 6 A8 11 0 5 17 A2 23 50 29 57 CENTRAL MAINE PC-ER CO /16
♦ WI NT H P 2 P 2 571 3 OC 30 6 A8 11 05 17 A2 23 50 25 57 CENTRAL MAINE PC-ER  CO / I 6
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Table 2 - 1
FLOW OF ENERGY IN MAINE, 1979
SOURCES BILLION BTU PER CENT
All Sources: 317,780 100.0
Coal 1,315 0.9
Fuelwood 6 , 7 7 3 2.1
Natural gas 1,729 0.5
Petroleum 293,729 7 6 . 7
Residual 96,015 3 0 . 2
Distillate 66,899 2 1 . 1
Kerosene 6 , 3 2 8 2 . 0
LPG 4 , 3 2 6 1.9
Jet fuel 5 , 1 8 1 1 . 6
Gasoline 69,981 20.9
Hydropower 33,290 10.5
Nuclear power 38 ,0 99 1 2 . 0
Net exports of electricity -7,145 -2 . 2
Intermediate uses: 116,865 3 6 . 8
Hydroelectric generation 33,290 10.5
Nuclear electric generation 38,099 1 2 . 0
Other thermal electric generation 93,976 19.3
Ultimate uses: 3 1 7 , 7 8 0 1 0 0 .0
Residential 78,292 29.6
Commercial 33,502 10.5
Industrial 105,757 33-3
Transportation 8 7 ,0 2 1 27.9
Miscellaneous 5 , 7 2 6 1 . 8
Electricity transmission losses 7,532 2.9
Sources: See tables in Appendix to Chapter 1.
TABLE - 2-2
TYPICAL MONTHLY ELECTRIC BILLS, 1-1-72 and 1-1-76 
RESIDENTIAL
250 KWH , , 76 500 KWH -1-76 750 KWH , , 1000 KWH
T o t a l C/Kwh T o t a l C/Kwh T o t a l C/Kwh T o t a l C/Kvh T o t a l C/Kvh T o t a l C/Kwh T o t a l C/Kwh T o t a l C/Kwh
B i l l  | 1 B i l l  j B i l l 1 B i l l 1 B i l l  | B i l l I B i l l B i l l
MAINE $8.67 3.468c $11.42 4.568C $12.01 2.402c $18.02 3.604c $16.22 2.163c $24.53 3.271c $21.69 2.169c $31.01 3• 101c
NEW HAMPSHIRE $8.83 3.532c $14.90 5.960c $11.69 2.338c $23.27 4.654c $16.37 2.183c $33.02 4.403C $21.97 2.197c 43.61 4• 361c
VERMONT $7.85 3.140c $15.07 6.028c $11.40 2.280c $22.74 4.548c $15.90 2.120c $31.63 4.217c $20.56 2.056c 42.34 4-234c
MASSACHUSETT! $9.89 3.956c $14.61 5.844c $13.92 2.784c $22.65 4.530c $19 36 2.581c $32.26 4.301c $25.45 2.545C 42.57 ,257c
CONNECTICUT $9.59 3.836c $14.44 5.776c $13.50 2.700c $22.30 U . 460c $17 87 2.383c $30.61 4.081c $22.74 2.274c 39.47 -947c
RHODE ISLAND $8.83 3.532c $14.20 5.680c $11.04 2.208c $20.92 4.184 $15 25 2.033c $30.02 4.003c $19.79 1.979c 39.61 ■ 961c
N.E. AVE. * $8.94 3.576c $14.11 5.644c $12.26 2.452c $21.65 4.330 $16 83 2.244c $30.35 4.047c $22.03 2.203c >39.77 -977c
U.S. AVE. $8.35 3.340c $12.06 4.824c $11.99 2.398c $19.26 3.852 $16 14 2.152c $26.78 3.571c $20.70 2.070c >34.85 5.485c
COMMERCIAL
6 KW - 750 KVH 12 KW - 1500 KWH 30 KW - 6,000 KWH 40 KW - 10,000 KWH
1-1-72 1-1-76 1-1-72 1-1-76 1-1-72 1-1-76 1-1-72 1-1-76
T o t a l  j C/Kvh T o t a l C/Kvh T o t a l C/Kwh T o t a l C/Kwh T o t a l  1 C/Kvh T o t a l C/Kwh T o t a l C/Kvh T o t a l C/Kwh
B i l l  1 1 R i l l Bill 1 1 B i l l Rill 1 Rill B i l l  1 Bill
MAINE $33.33 4.444c $42.56 5.675c $52,87 3.525c $69.78 4.652c $151.17 2.520c >203.04 3 384c $221.04 2.210c $310.13 3.101c
NEW HAMPSHIRE $24.36 3.248c $52.86 7,048c $65,83 4.389c $113.60 7.573c $169.25 2.821c >304.15 5 069c $245.46 2.455c $453.22 4.532c
VERMONT $25.47 3.396c $57.70 7.693c $46.08 3.072c $108.29 7.219c $158.86 2.648c >344.13 5■ 736c $215.05 2.151c $455.19 4.552c
MASSACHUSETTS $39.52 5.269c $56.61 7.548c $72,23 4.949c $107.46 7.164c $222.13 3.702c $330.17 5• 503c $322.62 3.226c $487.19 4.872c
CONNECTICUT $38.01 5.068c $56.76 7.568c $70.17 4.678c $105.51 7.034c $212.58 3.543c $333.07 5• 551c $302.35 3.024c $489.99 4.900c
RHODE ISLAND $32.52 4.336c $48.86 6,515c $61.76 4.117c $93.16 6.211c $185.72 3.095c $295.81 4.930c $263.39 2.634c 5441.6; 4.417c
N.E. AVE.* $32.20 4.293c $52.56 7,008c $61.82 4.121c $99.63 6.642c $183.29 3.055c $301.73 5• 029c $261.65 2.617c $4 39.5£ 4.396c
U.S. AVE. $30.40 4.053c
_
$44.05 5.873c $59.65 3.977c $87.61 5.841c $184.76 3.079c $285.86 4,764c $272.50 2.725c $431.6' 4.317C
150 KW -  30,000 KWH
1 -1 -7 2  1- 1- 76
Total
Bill
C/Kwh Total
Bill
C/Kwh
MAINE $646 2.153c $906 3.020c
NEW HAMPSHIRE $599 1.997C $1191 3.970c
VERMONT $567 1.890c $1085 3.617C
MASSACHUSETTS $842 2.807c $1374 4.580c
CONNECTICUT $782 2 . 607C $1310 4.367c
RHODE ISLAND $719 2.397c $1252 4.173c
N.E.AVE.* $692.50 2.308c $1186.33 3.954c
U.S. AVE, $749 2.497C
|
$1231 4.103c
INDUSTRIAL
3 0 0  KW -  6 0 , 0 0 0  K V H
- 7 6 1 - 1 - 7 2
1 , 0 0 0  KW - 2 0 0 , 0 0 0  KWH
1-1-/2 1 - 1 ------------------ T = 7  6
Total
Bill
C/Kwh Total
Bill
C/Kwh Total
Bill
C/Kwh Total 1 
Bill
C / Kwh
$ 1 2 8 9 2 . 1 4 8 c $ 1 7 8 4 2 . 9 7 3 C $ 3 6 2 0 1 . 8 1 0 c $ 5 3 4 6 2 . 6 7 3 c
$ 1 1 5 6 1 . 9 2 7 c $2321 3 . 8 6 8 c $ 3 7 1 6 1 . 8 5 8 c $ 7 5 7 6 3 . 7 8 8 c
$ 1 1 0 4 1 . 8 4 0 c $2121 3 . 5 3 5 c $ 3 5 5 6 1 . 7 7 8 c $ 6 7 7 7 3 . 3 8 9 c
$ 1 5 6 6 2 . 6 1 0 c $ 2 6 3 8 4 . 3 9 7 c $ 4 6 8 0 2 . 3 4 0 c $ 8 3 6 4 4 . 1 8 2 c
$ 1 4 5 9 2 . 4 3 2 c $2477 4 . 1 2 8 c $ 4 4 7 4 2 . 2 3 7 c $ 7 8 4 6 3 . 9 2 3 c
$ 1 3 3 7 2 . 2 2 8 c S2 39S 3 . 9 9 7 c $ 4 1 0 2 2 . 0 5 1 c $ 7 6 0 0 3 . 8 0 0 c
$ 1 3 1 8 . 5( 2 . 1 9 8 c $22 SQ .S3 3 . 8 1 6 c $ 4 0 2 4 . 6 7 2 . 0 1 2 c $ 7 2 5 1 . 5 0 3 . 6 2 6 c
$ 1 3 7 7 2 . 2 9 5 c S234S ' 3 . 9 1 3 c $ 4 1 3 7 2 . 0 6 9 c $ 7 3 9 5 3 . 6 9 8 c
INVENTORY OF EXISTING HYDRO-POWER PROjECTS
ANDROSCOGGIN RIVER BASIN
TOTAL USABLE
HYDRO­ POWER STORAGE
PROJECT OWNER ELECTRIC MECHANICAL CAPACITY IN ACRE
NAME LOCATION CLASS OWNER POWER KW POWER KW KW FEET
Brunswick Brunswick U Central Maine Power Co. 1470 0 1470 0
Topsham Topsham U Central Maine Power Co. 900 0 900 0
Pejepscot Topsham 1 Pejepscot Paper Co. 1500 3800 5300 0
Lisbon Falls Lisbon Falls 1 Max Muller Co. 900 0 900 0
Lewiston Falls Lewiston u Union Water Power Co. 0 30 30 0
Lewiston Lewiston 1 W. S. Libby Co. 750 0 750 0
Lewiston Lewiston 1 P. Hall Enterprises, Inc. 1780 0 1780 0
Lewiston Lewiston 1 Bates Manufacturing Co. 4800 0 4800 0
Hill Division Lewiston 1 Bates Manufacturing Co. 2160 0 2160 0
Androscoggin Lewiston 1 Bates Manufacturing Co. 2780 0 2780 0
Continental Lewiston u Central Maine Power Co. 2000 0 2000 0
Lewiston Lewiston M Lewiston Public Works 700 0 700 0
Deer Rips Auburn u Central Maine Power Co. 6440 0 . 6440 760
Androscoggin No. 3 Lewiston u Central Maine Power Co. 3600 0 3600 0
Gulf Island Lewiston u Central Maine Power Co. 22000 0 22000 19,200
Livermore Mill Livermore Falls 1 International Paper Co. 4540 3580 8120 80
Otis Jay 1 International Paper Co. 2880 6820 9700 9700
Rumford Lower Rumford 1 Rumford Falls Power Co. 12800 0 12800 0
Rumford Upper Rumford 1 Rumford Falls Power Co. 21790 0 21790 720
Shelburne Shelburne, N.H. 1 Brown Co. 3720 0 3720 0
Gorham Gorham, N.H. u Public Service Co., N.H. 2150 0 2150 0
Gorham Gorham, N.H. 1 Brown Co. 4800 0 4800 0
Cascade Gorham, N.H. 1 Brown Co. 7200 0 7200 0
Cross Power Berlin, N.H. 1 Brown Co. 3200 0 3200 0
J. Brodie Smith Berlin, N.H. u Public Service Co., N.H. 15000 0 15000 0
Riverside Berlin, N.H. 1 Brown Co. 8000 0 8000 0
TOTALS 137860 14230 152090 30,460
U = Privately Owned Utility 
I = Industrial 
M = Municipal *
* Only Storage in project power pool listed
IN AC
FEET
0
0
0
0
0
0
0
0
0
0
5000
3000
0
0
0
3050
66700
20000
0
0
0
97750
INVENTORY OF EXISTING HYDRO-POWER PROjECTS (continued)
KENNEBEC RIVER BASIN
HYDRO-
PROJECT OWNER ELECTRIC MECHANICAL
NAME LOCATION CLASS OWNER POWER KW POWER KW
Cobbosseecontee Gardiner M Gardiner Water District 0 750
Edwcrds Augusta I Bates Manufacturing Co. 340 3160
Augusta Augusta I Statler Tissue Corp. 370 0
Messalonskee 5 Waterville U Central Maine Power Co, 1500 0
Messalonskee 4 Waterville U Central Maine Power Co. 800 0
Messalonskee 3 Oakland U Central Maine Power Co. 1600 0
Messalonskee 2 Oakland U Central Maine Power Co. 2800 0
Sebasticook No. 4 Winslow U Central Maine Power Co. 1500 0
Waterville Waterville I Millstar Manufacturing Co. 4800 0
T & A Mills Winslow I Scott Paper Co. 3730 670
Shawmut Fairfield u Central Maine Power Co. 4650 0
Weston Skowhegan u Central Maine Power Co. 12000 0
Norridgewock Norridgewock M Madison Electric Works 450 0
Abenaki Madison I Kennebec River Pulp and Paper Co. 3650 6790
Anson Anson I Kennebec River Pulp and Paper Co. 6000 0
Williams Embden U Central Maine Power Co. 13000 0
Wyman Moscow u Central Maine Power Co. 72000 0
Harris Indian Stream 
T1R6 BKP EKR
u Central Maine Power Co. 76400 0
— Eustis u Rangeley Power Co. 250 0
— Wilton I Forster Mfg. Co. 115 0
TOTALS
Wilton I G. H. Bass Co. 90
206045
0
11370
INVENTORY OF EXISTING HYDRO-POWER PROJECTS (continued)
PENOBSCOT RIVER BASIN
TOTAL USABLE
HYDRO­ POWER STORAGE
PROJECT OWNER ELECTRIC MECHANICAL CAPACITY IN ACRE
NAME LOCATION CLASS OWNER POWER KW POWER KW ,KW FEET
Bangor Bangor M City of Bangor 500 0 500 0
Veazie Veazie U Bangor Hydro-Electric Co. 8400 0 8400 0
Orono Orono u Bangor Hydro-Electric Co. 2300 0 2300 0
Stillwater Old Town u Bangor Hydro-Electric Co. 2000 0 2000 0
Great Works Old Town I Diamond Alkali 5550 0 5550 0
Milford Milford u Bangor Hydro-Electric Co. 6400 0 6400 0
Howland Howland u Bangor Hydro-Electric Co. 4000 0 4000 0
Stanford Enfield u Bangor Hydro-Electric Co. 3800 0 3800 0
Weldon Mattawamkeag I Great Northern Paper Co. 19200 0 19200 3000
Medway Medway u Bangor Hydro-Electric Co. 3440 0 3440 0
East Millinocket East Millinocket I Great Northern Paper Co. 0 7370 7370 0
Dolby East Millinocket I Great Northern Paper Co. 14100 0 14100 4000
Millinocket Millinocket I Great Northern Paper Co. 8000 23500 31500 1200
North Twin Indian Township 3I Great Northern Paper Co. 8200 0 8200 344000
Ripogenus T3 R11 WELS I Great Northern Paper Co. 36000 0 36000 688000
TOTALS 121890 30870 152760 1040200
PISCATAQUA RIVER BASIN
North Rochester Rochester, N.H. I Spaulding Fibre Co, 300 0 300 0
Milton Milton I Spaulding Fibre Co. 250 0 250 0
TOTALS 550 0 550 0
INVENTORY OF EXISTING HYDRO-POWER PROJECTS (continued)
PRESUMPSCOT RIVER BASIN
TOTAL USABLE
HYDRO­ POWER STORAGE
PROJECT OWNER ELECTRIC MECHANICAL CAPACITY IN ACRE
NAME LOCATION CLASS OWNER POWER KW POWER KW KW FEET
Saccarappa Westbrook 1 S. D. Warren Co. 1350 0 1350 0
Dundee Gorham 1 S. D. Warren Co. 2400 0 2400 0
North Gorham U Central Maine Power Co. 2250 0 2250 0
Eel Weir Standish 1 S. D. Warren Co. 1800 0 1800 0
— Windham — Lawrence Smith 25 0 25 0
TOTALS
SACO RIVER BASIN
7825 0 7825 0
Saco Saco 1 Saco Tanning Co. 900 0 900 0
Cataract Biddeford u Central Maine Power Co. 6650 0 6650 730
Skelton Dayton u Central Maine Power Co. 22000 0 22000 3630
Bar Mills Hollis u Central Maine Power Co. 4000 0 4000 0
West Buxton Buxton u Central Maine Power Co. 6600 0 6600 0
Bonny Eagle Standish u Central Maine Power Co. 7200 0 7200 2320
Kezar Falls Parsonsfield 1 Ye Olde Woolen Shoppe - John Garner 350 0 350 0
Hiram Baldwin u Central Maine Power Co. 2400 0 2400 0
— Newfield 1 Rockhaven Realty Co. 45 0 45 0
TOTALS
SAINT CROIX RIVER BASIN
50145 0 50145 6680
Milltown Saint Stephen, u New Brunswick Power Commission 3000 0 3000 0
New Brunswick
Woodland Baiieyville 1 St. Croix Paper Co. 2250 7700 9950 0
Grand Falls Baileyville 1 St. Croix Paper Co. 9650 0 9650 88000
TOTALS 14900 7700 22600 88000
INVENTORY OF EXISTING HYDRO-POWER PROJECTS (continued)
SAINT GEORGE RIVER BASIN
TOTAL USABLE
HYDRO­ POWER STORAGE
PROJECT OWNER ELECTRIC MECHANICAL CAPACITY IN ACRE
NAME LOCATION CLASS OWNER POWER KW POWER KW KW FEET
Union 1 Thurston Brothers 80 0 80 0
TOTALS 80 0 80 0
SAINT JOHN RIVER BASIN (Aroostook River)
Tinker Aroostook, New U Maine Public Service 34640 0 34640 0
Brunswick
Caribou Caribou u Maine Public Service 800 0 800 0
Squapan Masardis u Maine Public Service 1500 0 1500 58600
TOTALS 36940 0 36940 58600
UNION RIVER BASIN
Ellsworth Ellsworth u Bangor Hydro-Electric Co. 9000 0 9000 0
TOTALS 9000 0 9000 0
GRAND TOTALS 585235 64170 649405 1321690
NON HYDRO E L EC1RIC GENERATING STATIONS
Major Steam Generating Stations
Owner Station Location Capacity 1
Maine Yankee Atomic Power Maine Yankee Wiscasset 855,000
Central Maine Power Cape South Portland 21,000
Mason Wiscasset 130,000
William F. Wyman Yarmouth 340,000
Bangor Hydro-Electric Graham Veazie 48,000
Maine Public Service Caribou Caribou 17,000
1,411,000
Major Diesel Generating Stations
Central Maine Power islesboro Islesboro 300
Rockland Rockland 1,900
Peaks Island Portland 1,600
Bangor Hydroelectric Milford Milford 2,000
East Machias East Machias 2,000
Eastport Eastport 4,000
Medway Medway 8,000
Bar Harbor Bar Harbor 8,000
Maine Public Service Caribou Caribou 8,000
Houlton Houlton 1,000
Flo's Inn Presque Isle 5,000
41,800
Major Gas Turbine-Generating Stations
Central Maine Power Cape South Portland 32,000
Farmingdale Farmingdale 4,500
Bangor Hydroelectric Graham Veazie 12,000
48,500
Grand Total 1,501,300
UTILITY SERVICE AREAS
POWER CORPORATIONS Source: Utility, Annual Report
-1. -Bangor Hydro-electric Co. -Bangor
2. -Carrabassett Light & Power Co. - North Anson
3. -Central Maine Power Co. - Augusta
4. -Maine Public Service Co. - Presque Isle
5. -Matinicus Light & Power Co. - Vinalhaven (Matinicus)
6. -Public Service Co. of New Hampshire - Manchester, N.H.
7. -Rangeley Power Co. - Rangeley
8. -Stonington & Deer Island Power Co. - Stonington
9. -Vinalhaven Light & Power Co. - Vinalhaven
10. -Woodland Water & Electric Co. - Baileyville
COOPERATIVE ELECTRIC COMPANIES
11. -Eastern Maine Electric Coop, Inc. - Calais
12. -Isle Au Haut Power Co. - Isle Au Haut
13. -Swans Island Electric Coop - Minturn, Me. (Swans-lsle)
14. -Union River Electric Coop - Aurora
QUASI-MUNICIPAL CORPORATIONS
15. -Houlton Water Co. - Houlton
16. -Lubec Water & Electric District - Lubec
17. -Squirrel Island Village Corp. - Squirrel Isle
18. -Van Buren Light & Power District - Van Buren
MUNICIPAL DEPARTMENT
19. -Kennebunk Light & Power District - Kennebunk
20. -Madison Electric Works - Madison
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T a b l e  3 - 1
PROJECTED RESIDENTIAL DEMAND BY FUEL TYPE
1980 1985
FUEL TYPE 109 BTU % 10 9 BTU %
Coal 100 0 . 1 100 0 . 1
F u e lw oo d -  Low 4678 5 . 8 4774 5 . 8
Base 5149 5 . 8 5739 5 . 8
High 5866 5 . 8 6533 5 . 8
N a t u r a l  Gas-Low 500 0 .6 0 .0
Base 500 0 .6 0 .0
High 500 0 . 5 0 .0
P e tr o l e u m -L o w 4 4 , 3 5 6 5 5 . 0 4 1 , 1 5 7 50'. 0
Base 4 8 ,8 2 7 5 5 . 0 4 9 , 4 7 4 50 .0
High 5 5 , 6 2 3 5 5 . 0 5 6 , 3 1 9 50 .0
D i s t i l l a t e - L o w 3 7 ,0 9 8 4 6 .0 3 7 ,0 4 2 4 5 .0
Base 4 0 ,8 3 7 46 .0 4 4 , 5 2 7 4 5 .0
High 4 6 , 5 2 1 4 6 .0 5 0 ,6 8 7 4 5 .0
K e ro s e n e -L o w 4 ,8 3 9 6 .0 2 ,4 6 9 3. 0
Base 5 , 3 2 7 6 .0 2 , 9 6 8 3. 0
High 6 ,0 6 8 6 .0 3 , 3 7 9 3 .0
LPG- Low 2 , 4 1 9 3. 0 1 , 6 4 6 2 .0
Base 2 , 6 6 3 3. 0 1 , 9 7 9 2 .0
High 3 ,0 3 4 3.0 2 , 2 5 3 2 .0
E l e c t r i c i t y * - L o w 3 1 , 0 1 3 3 8 .5 3 6 ,2 8 3 4 4 .1
Base 3 4 , 2 0 1 3 8 .5 4 3 , 6 3 4 4 4 .1
High 39 ,04 4 38 .6 4 9 , 6 8 5 4 4 .1
S e c t o r a l  T o t a l s -  
Low 8 0 ,6 4 7 8 2 , 3 1 4
Base 8 8 , 7 7 7 9 8 , 9 4 7
High 101 , 1 3 3 1 1 2 , 6 3 7
★
E l e c t r i c ! t y - B T U ' s  needed t o  g e n e r a t e  e n e r g y ;  a l l  o t h e r  d i r e c t  use  o n l y .
Table 3-2
Projected Coraeercial Demand by Fuel Type
Fuel Type Scenario 1280 19 8 5
109 BTU J L 109 BTU J L
Coal Lov 50 0.1 50 0.1
E a s e 50 0.1 50 0.1
High 50 0.1 50 0.1
Natural Gas Lov 500 1 . 3 0 0
Base 500 1.2 0 0
High 500 1.0 0 0
Petroleum Lov 2 0,6 86 5 2 .0 2 2 ,8 4 4 50 .0
Base 2 2 ,8 8 2 5 2 . 0 2 7 ,4 6 0 50 .0
High 2 7 , 5 6 9 5 2 .0 3 3 ,5 2 9 50 .0
Distillate -Lov 2 0 ,2 8 8 5 1 . 0 2 2 ,3 8 7 4 9 .0
Base 2 2 ,4 4 2 5 1 . 0 2 6 , 9 1 1 4 9 .0
High 2 7 , 0 3 9 5 1 . 0 32 ,8 5 8 4 9 .0
LPG Low 398 1.0 457 1.0
Base 440 1.0 549 1.0
High 530 1.0 671 1.0
Electricity* Lov 1 8 , 5 4 4 4 6 . 6 2 2 , 7 9 4 4 9 .9
Base 2 0 , 5 7 1 4 6 . 7 2 7 , 4 1 0 4 9 .9
High 2 4 ,8 9 8 4 6 .9 3 3 , 4 7 9 4 9 .9
Sectoral Totals/Low 3 9 ,7 8 0 10 0.0 4 5 ,6 8 8 10 0.0
Base 4 4,0 03 10 0.0 54 ,9 20 10 0.0
High 5 3 , 0 1 7 10 0.0 6 7 ,0 5 8 10 0.0
Electricity- BlU's needed to  g e n e r a t e  e n e r g y ;  a l l  o t h e r s  d i r e c t  u se  o n l y .
Table 3 - 3
Projected Industrial Demand by Fuel Type
Fuel Type Scenario
Coal Lov
Base
High
Fuelwood Low
Base
High
Natural Gas low
Base
High
Petroleum lov
Base
High
Residual Lov
Base
High
Distillate Lov
Base
High
LPG Low
Esse
High
Electricity* Lov
Base
High
Utilities* Low
(Total) Base
High
Industries* Low
(Hydro) Base
High
Sectoral Totals Lov
Ease
High
1930 1985
KFTT o f  -1 DHMT109 BTU % 109 BTU
1100 1.0 1100
1100 0 .9 1100
1100 0 .8 1100
2 ,2 4 9 2 . 0 2 , 3 7 1
2 ,4 86 2 . 0 2 ,8 5 0
2 ,8 6 9 2 . 0 3 , 2 3 7
500 0 . 4 0
500 0 . 4 0
500 0 . 4 0
6 7 ,4 6 2 60 .0 71 , 1 3 7
7 4 , 5 7 3 6 0 .0 8 5 , 5 1 2
8 6 ,0 7 5 6 0 .0 9 7 , 1 2 9
6 4 ,6 5 1 5 7 . 5 6 8 , 1 7 3
71 ,466 5 7 . 5 8 1 , 9 4 9
82 ,4 88 5 7 . 5 9 3 ,0 8 2
2 ,2 4 9 2 . 0 2 , 3 7 1
2 ,4 86 2 . 0 2 , 8 5 0
2 ,8 7 0 2 . 0 3 , 2 3 7
562 0 . 5 593
621 0 . 5 7 1 3
7 1 7 0 . 5 810
41 ,1 2 6 3 6 .6 4 3 , 9 5 4
4 5 ,6 2 9 3 6 . 7 5 3 , 0 5 8
5 2 , 9 1 4 3 6 .9 6 0 , 4 1 6
2 6 ,9 8 5 2 4 .0 2 9 , 6 4 1
2 9 ,8 2 9 2 4 .0 3 5 , 6 3 0
34, 4 3 0 2 4 .0 4 0 , 4 7 1
1 4 , 1 4 1 1 2 . 6 1 4 , 3 1 3
15 ,8 0 0 1 2 . 7 1 7 , 4 2 8
1 8 , 4 8 4 1 2 . 9 1 9 , 9 4 5
1 1 2 , 4 3 7 1 0 0 .0 1 1 8 , 5 6 2
1 2 4 ,28 8 10 0 .0 . 1 4 2 , 5 2 0
1 4 3 , 4 5 8 1 0 0 .0 1 6 1 , 8 8 2
%
0 .9
0 .8
0 .7
7.D
2.0
2 . 0
60.0
60.0
60.0
5 7 . 5
5 7 . 5
5 7 . 5
2.0
2.0
2.0
0 . 5
0 . 5
0 . 5
3 7 . 1
3 7 . 2
3 7 . 3
2 5 . 0
2 5 . 0
2 5 . 0
12.1 
12.2
1 2 . 3
100 .0
100 .0
100.0
•Electricity- BTU's needed to generate energy; all others direct use only
0
0
0
Table 3-4
PROJECTED TRANSPORTATION DEHAND BY FUEL TYPE
1980 1989
FUEL TYPE - SCENARIO 109BTU % 109BTU %
Petroleum - Low 1 0 0 ,5 4 7 1 0 0 .0 1 1 3 , 6 5 4 10 0.0
Base 1 1 1 , 5 5 0 1 0 0 .0 1 3 6 , 6 1 9 10 0 .0
High 1 3 4 , 1 0 2 1 0 0 .0 1 6 6 , 5 9 7 10 0.0
Residual - Low 1 2 ,0 6 6 1 2 . 0 1 3 , 6 3 8 1 2 . 0
Base 1 3 , 3 8 5 1 2 . 0 1 6 , 3 9 4 1 2 . 0
High 16 ,0 9 2 1 2 . 0 1 9 ,9 9 2 1 2 . 0
Distillate - Low 10 ,0 5 5 1 0 . 0 1 1 , 3 6 5 1 0 . 0
Base 1 1 , 1 5 5 1 0 . 0 1 3 , 6 6 2 1 0 .0
High 1 3 , 4 1 0 1 0 . 0 16 ,6 6 0 1 0 . 0
Jet Fuel - Low 9,0 49 9 . 0 10 ,23 0 9 . 0
Base 10,040 9 .0 1 2 ,2 9 6 9 . 0
High 1 2 ,0 7 0 9 .0 1 4 , 9 9 4 9 .0
Gasoline - Low 6 9 , 3 7 7 6 9 .0 7 8 , 4 2 1 6 9 .0
Base 7 6 ,9 7 0 6 9 . 0 9 4 ,2 6 7 6 9 .0
Table 3-5
Projected Miscellaneous Denand by Fuel Type
Fuel Type 
Petroleum
Residual
Distillate
LPG
Jet Fuel*
Electricity* *
Sector Totals
o !2 § £  9 12§5.
Scenario
.
1CTBTU % 109BTU %
Low 2 , 1 0 0 3 3 . 4 2 ,1 0 0 3 2 . 7
Base 2 , 1 0 0 30 .2 2 , 1 0 0 2 7 . 2
High 2 , 1 0 0 2 9 .5 2 , 1 0 0 2 5 . 1
Low 450 7 . 2 450 7 . 0
Base 450 6 . 5 450 5 . 8
High 450 6 . 3 450 5 . 4
Low 1 ,0 0 0 1 5 . 9 1 ,000 1 5 . 6
Base 1 ,000 1 4 . 4 1 ,000 1 3 . 0
High 1 ,000 1 4 . 0 1 ,000 1 1 . 9
Low 50 0.8 50 0.8
Base 50 0 . 7 50 0.6
High 50 0 . 7 50 0.6
T >~>w 600 9 . 5 600 9 . 3
Base 600 8.6 600 7 . 8
High 600 8 . 5 600 7 . 2
4 , 1 8 4 66.6 4 , 3 1 9 6 7 . 3
P^-5 A 4 , 8 4 8 6 9 .8 5 , 6 1 6 7 2 . 8
High 5 , 0 2 8 7 0 . 5 6,2 82 7 4 . 9
Low
Ease
High
6 , 2 8 4
6 , 9 4 8
100.0
10 0.0
6 , 4 1 9
7 , 7 1 6
10 0 .0
10 0 .0
7 , 1 2 8 100.0 8,382 10 0 .0
•Jet Fuel- Military use only
••Electricity- BTU’s needed to g e n e r a t e  e n e r g y .
The following article was obtained from the Bureau of National 
Affairs, Inc. on December 2, 1976. Preliminary Office of Energy 
Resources estimates for 1975 energy use in Maine have been inserted 
into the original article in parentheses following the national figures 
to which they correspond: ___________ _____ _______________________
ENERGY USE IN 1975
Interior Department Preliminary Estimates
Total energy use in the U.S. was down in 1975 for the second year 
in a row, mainly because of a substantial drop in energy use by industry, 
according to preliminary Bureau of Mines figures.
Demand for heat, light, and power in all forms in 1975 dropped to 
71,078 trillion British thermal units (299.4) (Btu). This is 2.5 percent 
(7.8%) less than the 1974 total of 72,880 (324.9) trillion Btu, and down 
4.9 percent from 1973’s record high of 74,754 trillion Btu.
Higher fuel prices, energy conservation efforts, reduced economic 
activity, and a relatively mild winter have all contributed to this drop. 
This is the firt two-year downturn in overall energy use since 1945-46.
The biggest factor in the net decline was a 6 percent (22.8%) down­
turn in energy use by the industrial sector. This, coupled with a 
2 percent drop (1% rise) in the smaller household and commercial sector, 
was more than enough to offset slight gains in the electric utility and 
transportation sectors of 6 percent (0.9%) and .5 percent (2.6%), res­
pectively. The electric utility sector became the largest energy user 
last year, with the industrial sector falling into second place for the 
first time since the Bureau began keeping records by consuming sector 
in 1947.
According to the Bureau of Mines fugures, consumption of bituminous 
coal and lignite in 1975 increased 1.7 percent (decreased 49.1%), and 
the use of nuclear power jumped 37.5 percent (26%). The biggest drops 
in consumption were registered by anthracite and natural gas, which fell 
7.8 percent (-) and 7.2 percent (increased 47%). respectively. Total 
consumption of petroleum products was off 1.9 percent (13.3%) from the 
1974 figure, and hydropower use dropped 4 percent (9.8%).
Net imports of all fuels declined 4.4 percent (7.95%) on a Btu 
basis from 1974 totals, and represented 16.1 percent (87.7%) of the 
estimated total gross energy use for the year - almost the same as in 
1974. Although net crude oil imports totaled an estimated 1.4 billion 
barrels, 15.1 percent more than in 1974, net imports of petroleum 
products declined 26.7 percent (13.3%) - down to 640 (37.2) million barrel 
in 1975. Net natural gas imports dipped .8 percent (increased 47%), 
compared with 1974, to an estimate 875 (2.5) billion cubic feet. Net 
exports of coal were up 12.1 percent to 64.9 million tons.
Petroleum (including natural gas liquids) continued as the country's 
largest energy source, and the share it supplied in 1975 rose .2 percent 
(fell 4.4%) to 46 percent (70.6%) of the total. Natural gas (Nuclear) 
was second, providing 28.4 percent (16.0%) of the total energy used, 
down (up) slightly from 29.8 percent (11.7%) in 1974. Bituminous coal 
and lignite (including small net imports of coke) accounted for 18.6 
percent (0.2%) of all the energy used in 1975, up (down) from 18 percent 
(0.5%) the previous year. Nuclear power’s share of the nation's total 
energy consumption increased from 1.7 percent (11.7%) in 1974 to 2.3 
percent (16.0%) in 1975. The percentages supplied by hydropower and 
anthracite held steady at 4.5 (fell to 10.0%) and .2 (-), respectively.
Production of bituminous coal and lignite in 1975 rose 6.1 percent 
to a record 640 million tons, with 404 million tons used by electric 
utilities. Crude petroleum output from domestic wells decreased 4.5 
percent to 3,056 million barrels, while 1975 domestic marketed production 
of natural gas fell 6.9 percent to 20.1 trillion cubic feet.
U.S. energy use per capita fell 2 percent (7.7%) to 338 (280) million 
Btu, further reflecting the overall national reduction in energy use.
The ratio of gross energy use to the gross national product (GNP) 
averaged 59,900 Btu per dollar (not yet available), based on 1972 constant 
dollars; the ratio was down slightly from 1974, continuing a downard 
trend begun in 1971. The trend indicates that the U.S. economy is using 
energy more efficiently to create GNP, although this is not necessarily 
related to efficiency of energy use in a physical, thermodynamic sense.
The attached tables show preliminary 1975 energy balance in detail, 
including supply and demand sources, use categories, and major producing 
and consuming sectors of the economy. Also included are a table showing 
net trade in mineral fuels for the years 1974 and 1975, and a list of 
factors for converting energy sources into their Btu equivalents. In 
addition, Table eight shows historical data, from 1947 to the present, 
on selected economic, demographic, and energy indicators in the U.S.
CONSERVATION: FURTHER CONSIDERATIONS
This appendix explains in greater detail the figures given in the' 
conservation section of chapter 2. The existing State and Federal Energy 
Conservation programs are delineated in detail. The methodologies and 
assumptions used to calculate the conservation data given in chapter 2.
A. Federal and State Programs:
There are various programs now underway at both the State and 
Federal levels to promote or require conservation. Each of these programs 
has established a goal regarding the amount of energy which can be saved by 
implementing certain conservation measures. The major programs impacting 
Maine are delineated below:
(1) The Energy Policy and Conservation Act of 1975 (PL 94-163).
This legislation is the first attempt at a national comprehensive 
energy statute dealing with energy conservation. It can best 
be decribed by outlining the major conservation elements of the
Act.
(a) Automobile Efficiency
The Act requires improved automobile efficiencies
in terms of average miles-per-gallon ratings as follows:
Model Year 1978 18.0 Miles-per-gallon
Model Year 1979 19.0 Miles-per-gallon
Model Year 1980 20.0 Miles-per-gallon
Model Year 1985 27.5 Miles-per-gallon
It has been estimated that this requirement will 
have a significant effect on the total gasoline consump­
tion nationally. The impact of the statute will, how­
ever, be somewhat lessened by Jt.he requirement that the 
mileage be calculated on the average of a manufacturer's 
entire line. Thus, highly consumptive automobiles can 
still be produced with low miles-per-gallon ratings. The 
overall effect of this law in Maine is discussed later 
in this section under "Transportation."
(b) Consumer Product Efficiencies
Certain consumer products use energy in their 
operation (e.g. refrigerators, water heaters, televisions, 
etc.). These products will be required to bear a label 
indicating the amount of energy the unit will consume.
A goal of this program establishes that energy efficiencies 
of these consumer products shall be improved by 20% by 
1980. The impact of this section of the Act is, however, 
difficult to assess at this time. It will depend greatly 
on the economic situation and the desire of consumers 
to purchase energy efficient products. Higher energy 
prices will enhance the attractiveness of these products 
and accelerate their market penetration.
(c) Industrial Conservation
The Act establishes a program for industrial con­
servation in the ten most consumptive industrial categories. 
The industries in these categories will be required to report 
to the Federal Energy Administration regarding the amount
of energy consumed in the industrial process. Industries 
involved in the ongoing voluntary reporting program start­
ed by FEA in 1974 are exempted from the mandatory program.
Reports from the voluntary program indicate that 
industrial energy use, on a per product unit basis, de­
creased in most industrial categories. However, total 
energy saved through the industrial conservation program 
will depend heavily on the amount of production and there­
fore, on the economic picture.
(d) State Energy Conservation Plans
Perhaps the most significant aspect of EPCA in 
Maine will come as a result of the State's conservation 
planning program. This program will include conserva­
tion plans for buildings, transportation, lighting and 
other major consumers of energy. The overall goal of the 
program is a reduction of 5% in the consumption of energy 
in the State under projected 1980 levels.
National estimates show that only about 4.5% 
reduction in energy use can be achieved nationally through 
the implementation of the required programs set forth in 
the Energy Policy and Conservation Act. The 4.5% to 5% 
range would seem reasonable for an expected overall energy 
reduction for Maine. One factor which favorably affects 
this prediction is the high degree of flexibility allowed 
by the Conservation Program. Thus, Maine will be able to 
develop a program aimed at the specific areas that will 
yield the greatest potential energy savings for the State.
(2) The Energy Conservation and Production Act of 1976 (PL 94-385)
This bill expanded many of the programs of the Energy Policy 
and Conservation Act. Below are detailed some of the important 
sections of the Act.
(a) Title 3 of ECPA mandates that HUD develop and promulgate 
Nationwide Thermal efficiency performancy standards for new 
buildings. This expands the Building standards program 
mandated under EPCA.
(b) Supplemental State Energy Conservation plans aimed at 
Education, Coordination between Government levels, and 
assistance to business and industry, are perscribed in
the law. Again, this would extend the efforts of the State 
begun under EPCA.
(c) The Act provides for low-interest loans and grants for 
business and industry. This will allow the improvement of 
energy efficiencies and/or the installation of renewable 
resource energy measures in business, industry and 
government institutions.
(d) The bill authorizes HUD to start a nationwide program to 
encourage installation of energy conservation measures in 
existing dwellings. This could mean loans or grants to 
homeowners for insulation or other weatherization
measures.
(3) Other Federal Programs
(a) Winterization
Since the winter of 1973-1974, the Federal 
Community Services Administration has provided funds 
to low income families for conservation projects.
This program has also allowed for the funding of 
education and outreach programs. Such programs are 
aimed at teaching conservation to all homeowners.
Although over 5000 homes in Maine have been improved 
through the program, it is difficult to estimate the 
amount of energy which has been saved.
Perhaps the most important tool to come from 
the winterization program is a manual called "Retro- 
techM. This booklet shows homeowners how to calculate 
the amount of energy they can save through various 
conservation methods. The booklet, designed by several 
professors from the University of Maine, is currently 
being re-written for distribution to homeowners nation­
wide. Widespread distribution of the booklet will 
show homeowners how to reduce energy consumption by 
illustrating the most cost-effective ways to control 
heat loss.
(b) ERDA Conservation Programs
The Energy Research and Development Administration 
has several programs aimed at the development of conserva­
tion-oriented products or the improvement of energy 
efficiencies of products already in widespread use.
Such Research and Development efforts will help bring
more efficient products to the marketplace. Little 
is being done, however, to promote the purchase of 
newer, more efficient products. Thus, the effective­
ness of ERDA's program will depend on the consumer 
and his/her desire to purchase energy efficient products,
(c) Federal Energy Management Program
This program was introduced in 1973 for Fiscal 
Year 1974 (July 1973 thru June 1974). FEMP governs the 
utilization of energy by all Federal agencies and insti­
tutions. In the first year of the program, energy use 
by the Federal Government was reduced by 24%. It has 
been forecast that this figure can be improved by 
further measures required under the Energy Policy and 
Conservation Act.
(3) State Energy Conservation Programs
At the present time, Maine has a State Agencies Conserva­
tion Plan aimed at reducing State Government's energy consump­
tion. The program is similar, in many respects .>to the Federal 
Energy Management Program. Because the State Agencies Conser­
vation Plan was not instituted until January of 1976, it is 
too early to assess the impact of the program.
B. Methodologies and Assumptions used in Calculating Energy Conservation
Potentials.
To arrive at the graphical representation shown in Figure 1, 
the amount of energy reduction expected from conservation in each sector 
had to be calculated. The calculations were based on the programs 
currently being undertaken by Federal and State authorities as outlined 
in the previous section. The estimates computed in each end use sector 
represent the greatest reduction probable for that sector given the 
implementation of these programs. If new legislation should be enacted 
or if other factors should arise, the figures shown in this report may 
be lower than those actually achieved. Similarly, economic factors or 
social pressures may reduce the effectiveness of the current legislation 
and, thus, reduce conservation.
T he following pages detail the energy savings expected in each 
sector. The calculations and assumptions which form the basis of the 
predictions are delineated. The final results for each sector are 
shown in terms of the savings achieved in that sector and in terms of 
total energy savings. All figures are in percentages to avoid the 
confusion of conversion factors. It is assumed that the breakdown of 
the energy used in each sector will follow the "base case" projection as 
outlined elsewhere in this report. Thus, if the transportation sector 
used 28% of the energy consumed in 1974, that fraction may not remain 
constant in the future but instead will follow a trend line (in the case 
rising to 30% in 1985).
After calculating the expected conservation levels for each end 
use sector, the overall projected energy savings for the State were 
calculated. The figures are shown for thejyears 1980 and 1985 as five 
and ten year projections. The potential savings presented and the 
graphical representation can then be applied to the overall energy use
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(1) TRANSPORTATION:
The basic mode of transportation in Maine is the 
automobile. Over 90% of Maine families own one or more 
non-business automobiles. In addition, thirty percent of 
the families in the State own a truck which is used for 
non-business purposes. Thus, a significant portion of the 
passenger miles traveled in the State are in either private 
automobiles or trucks. The following table shows the number 
of automobiles and trucks registered in the State for the 
period between 1970 and 1974.
projections for the State and probable conservation scenarios developed.
TABLE I
VEHICLE REGISTRATIONS IN MAINE BY TYPE 1970-1974
YEAR TOTAL AUTOMOBILES TOTAL TRUCKS IMPORTED AUTOMOBILES
1970 374,795 101,881 36,003
1971 388,612 109,811 42,307
1972 406,272 120,015 49,371
1973 421,400 131,719 57,196
1974 428,559 141,443 64,233
The data indicate that the total automobile registra­
tions have increased at a rate of about 2.7% per year. The 
fraction of total automobile registrations represented by 
imported cars has risen from 9.6% in 1970 to 15% in 1974. 
This indicates a trend hy consumers toward smaller, more 
efficient autos. This trend is further illustrated by the 
data on the percentage of new models which are imports. For 
the model years 1970 through 1974, almost 19.5% of the new
cars purchased in Maine were imports.
Using trend lines established from historical data,
estimates for 1980 and 1985 automobile registration were
made. From these estimates, the percentage of total energy
which can be saved through the implementation of Federally
mandated mileage requirements can be calculated. In making
*
these calculations, a number of assumptions must be made.
The assumptions are of a conservative nature and should,
thus, result in projections that are conservative. (That is,
actual conservation levels are likely to be higher than those
estimated here.)
Assumptions:
(a) Historical population characteristics 
are assumed to be constant. That is, the percentages 
of total automobile registration for a given model 
year will be assumed to follow historic trends.
(b) Historic growth rates will be adequate 
to predict the future populations of all automobiles, 
and of imported and/or small U.S. automobiles.
(c) Average automobile mileage is assumed to 
be 15 miles per gallon for U.S. cars for the model 
years before 1978, and to follow FEA guidelines for 
model years after 1978. Imported autos are assumed to 
average 20 miles per gallon in years before 1978 and 
to follow FEA guidelines after that year. *
* Although these assumptions may seem rather vague, analysis of the data shows 
that variations due to alterations in the assumption result in little change 
In the final estimates.
(d) Trucks have been excluded from the computa­
tion because there are no firm data regarding the number 
of trucks which are used totally for domestic trans­
portation. Because trucks will be a significant part
of the vehicle population in the State, it is assumed 
that the increased mileage, on a percentage basis, 
calculated for automobiles, will also be achieved for 
the fraction of trucks used primarily for domestic purposes.
(e) It is assumed that the same number of 
vehicle miles per vehicle will be driven by motorists 
in the State in the future. Since the estimations 
calculated in this section are based on the number of 
cars registered in Maine, the total gasoline consump­
tion will be affected not only by the average mileage 
driven by Maine’s drivers, but also by the mileage
of autos from outside the State. If the FEA guide­
lines are applied nationwide, the average mileage 
ratings for automobiles driven in Maine (no matter 
where their origin) should be reasonably the same.
Thus, the variable of most concern will be the actual 
miles driven in the State, and unless unforeseen 
economic hardships come to pass, it is unlikely that 
the number of miles driven in Maine will be signifi­
cantly reduced.
The projections made for the years 1980 and 1985 yield the data in
Table 2. Indications are that by 1980, there will be over 500,000 automobiles 
registered in Maine. Approximately 120,000 of these cars will be imports. In 
1985, the figures will be 575,000 and 176,000 respectively. This is based on
a yearly growth rate of 2.72% for total automobile registration, and a level­
ing off of the fraction of imports and small U.S. cars. This means that the 
rate of growth of imports is increasing faster than the rate of growth of all 
automobiles. However, the percentage of cars in the State which are imported 
will reach a maximum and, from that point on, the growth rate for both 
domestic and foreign cars will be the same.
TABLE 2
PROJECTED VEHICLE REGISTRATION 
IN MAINE
1974 - 1985
Year Total Registrations Imported Car Registrations Average MPG
1974 428,559 64,233 15.75
1980 503,350 119,700 17.05
1985 575,500 176,000 20.75
As noted in Table 2, the average mile-per-gallon rating for all cars 
registered in the State is expected to increase 8.25% by 1980 over 1974 and by 
21.70% by 1985 over 1980. This is an overall increase of 31.74^between 1974 
and 1985, for a 2.54% per annum increase in average mileage.
The consumption of gasoline in Maine represented 75% of the total 
petroleum energy used in the transportation sector in 1974. Transportation 
used 27.40% of the total energy consumed in the State. Thus, gasoline represented 
20.55% of the total energy usage in Maine in 1974. An increase of 8.25% in 
average automobile mileage would result in an overall decrease in the energy usage 
in the State of 1.79%. The 21.70% increased mileage expected for 1985 relative 
to 1980 will bring about a 6.67% decrease In total energy eonsumptIon over the
figure for 1974.
Table 3 below shows projected energy reductions in the transporta­
tion sector relative to projected Base Case energy use.
TABLE 3
PROJECTED ENERGY REDUCTIONS IN THE TRANSPORTATION SECTOR
IN MAINE
Year % of Total Energy Use % Conservation in % Savings in Maine’s
Sector Total Energy
1974 20.55% -----  -----
1980 21.68% 8.25% 1.79%
1985 22.58% 31.74% 7.17%
It should be noted that continuation of the 55 MPH speed limit, further 
efforts at pooling rides, and increased use of public mass transit systems would 
significantly increase these projected savings.
(2) Housing:
According to the 1970 Census, there were about 340,000 
housing units in the State of Maine in April of that year, 
of which about 303,000 were occupied, year-round units. 
Recent estimates indicate that between 46,450 and 47,250 
units of housing have been added in the State since 1970.
At the same time, about 1600 units per year, or 8,000 
total units, have been removed, for a total net increase 
of about 39,000 units. On this increase, 9,450 units have 
been in multi-unit dwelling and the reminder in single unit 
dwellings. Mobile homes represent approximately 13,500 of 
the total single family units. Table 4 indicates a yearly 
breakdown of new housing in Maine since 1970.
TABLE 4
NEW HOUSING IN MAINE 1971 - 1975
Category 1971 1972 1973 1974 1975 Total
Mobile Homes 3,400 2,900 3,300 2,500 1,200 13,300
Conventional Homes 4,200 5,000 5,000 5,000 5,000 23,700
Apartment Units 1,900 2,450 2,100 1,500 1,500 9,450
Total Added 9,500 10,350 10,400 9,000 7,700 46,450
Removed 1,600 1,600 1,600 1,600 1,600 8,000
Net Added 7,900 8,750 8,800 7,400 6,100 38,950
As Table 4 clearly indicates, the growth rates for single family units 
and apartment units have stabilized at 5,000 and 1,500 units per year, respective­
ly. Indications are that these trends will continue. Mobile home installations 
have declined from their high levels of the late 1960’s and early 1970's. This 
trend is predicted to continue. Trends and estimates made by specialists in the 
field of housing show that much of the former market for mobile homes is being 
taken up by conventional homes. Such homes are being financed by low-interest 
bearing loans available through Farmer’s Home Administration and other Federal 
lending institutions. Thus, the growth rate for mobile homes will probably 
continue its downward trend with a compensating increase in conventional hous­
ing starts.
Thus, overall housing starts in Maine for the next ten years are project 
to continue at about the same rate as in 1975. If any changes occur they will 
probably reflect a tendency to shift from mobile homes to single family conventional 
homes.
Based on the information in the 1970 census, the percentage of new hous­
ing starts was calculated for each year from 1970 to 1975. The figures from 
those calculations appear in Table 5.
It should be noted that in calculating the conservation potential 
of this sector, only the total number of new units was considered. Although 
demolition of older structures affects the total number of housing units, the 
energy conservation calculations in this section are based on the implementa­
tion of building standards for new construction. Thus, the numbers shown are 
not absolute, but will suffice for the purpose of estimating conservation 
potential in residential space heating.
TABLE 5
INCREASE IN NEW HOUSING 1970-1975
Mobile Homes Single Units Apartments Removed Net
1970 14,524 230,183 95,532 339,969
1971 17,924 234,383 97,432 1,600 348,139
1972 20,824 239,383 99,882 1,600 358,489
1973 24,124 244,383 101,982 1,600 368,888
1974 27,824 254,383 104,982 1,600 385,589
PERCENTAGE INCREASE 1970-1975 ANNUAL GROWTH RATE
Mobile Homes 91.64% 13.89%
Single Units 10.51% 2.02%
Apartments 9.89% 1.9%
Total Growth 15.77% 2.97%
Net Growth 13.42% 2.55%
T h e s e  p e r c e n t a g e  f i g u r e s  w e r e  th e n  used t o  compute  t h e  p r o j e c t e d  g ro w th  
in  h o u s i n g  f o r  t h e  S t a t e  o v e r  t h e  n e x t  te n  y e a r s  and t h e r e b y  g i v e  a b a s i s  f o r  
t h e  c a l c u l a t i o n  o f  e n e r g y  s a v i n g s  w h ic h  can be a t t a i n e d  in  t h e  r e s i d e n t i a l  
s e c t o r .
F or  t h e  p u r p o s e  o f  t h i s  p a p e r ,  e s t i m a t e s  f o r  e n e r g y  c o n s e r v a t i o n  in  
new r e s i d e n t i a l  c o n s t r u c t i o n  a r e  b a s e d  on t h e  i m p l e m e n t a t i o n  o f  a s t a n d a r d  
e q u i v a l e n t  t o  ASHRAE 9 0 - 7 5 .  A g r o w th  r a t e  f o r  new s i n g l e  u n i t  and a p a r t m e n t  
u n i t s  h o u s i n g  o f  a b o u t  2.0% p e r  y e a r  was used t o  c a l c u l a t e  new h o u s i n g  
s t a r t s  f o r  t h e  y e a r  1 9 7 5 - 1 9 8 5 .  To c a l c u l a t e  t h e  e n e r g y  s a v i n g s  w h ich 
m ig h t  be g a i n e d  from i m p l e m e n t a t i o n  o f  a b u i l d i n g  s t a n d a r d ,  t h e  f i n d i n g s  
r e p o r t e d  i n  FEA C o n s e r v a t i o n  P a p e r  43B w e r e  u s e d .  T h i s  d o c u m e n t ,  e n t i t l e d  
"An Impact A s s e s s m e n t  o f  ASHRAE S t a n d a r d s  9 0 - 7 5 " ,  p r o j e c t e d  t h a t  t h i s  
s t a n d a r d  c o u l d  r e s u l t  i n  a s a v i n g s  o f  11% f o r  a s i n g l e  f a m i l y  r e s i d e n c e  and 
47.7% f o r  a p a r t m e n t  b u i l d i n g s .  19 74  f i g u r e s  i n d i c a t e  t h a t  t h e  r e s i d e n t i a l  
s e c t o r  consumed 25.2% o f  t h e  e n e r g y  u se d  in  t h e  S t a t e .  T h u s ,  f rom t h e s e  
d a t a ,  t h e  t o t a l  e n e r g y  s a v i n g s  w h ic h  can be b r o u g h t  a b o u t  in  Maine  by 
im p le m e n ti n g  ASHRAE 90 -75  ( o r  a s i m i l a r  s t a n d a r d )  i n  197 8 can be c a l c u l a t e d .  
The r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  a r e  shown in  T a b l e  6 .
* Note -  ASHRAE 9 0 -75  i s  a b u i l d i n g  c o n s t r u c t i o n  th e r m a l  e f f i c i e n c y  s t a n d a r d  
a d o p te d  i n  1975 by t h e  Board o f  D i r e c t o r s  o f  t h e  A m e r i c a n  S o c i e t y  
o f  H e a t i n g ,  R e f r i g e r a t i o n ,  and A i r - C o n d i t i o n i n g  E n g i n e e r s  (ASHRAE).
* * N o te  - Mobil  homes w e re  n o t  c o n s i d e r e d  f o r  t h e  p u r p o s e s  o f  t h i s  s e c t i o n ,
as Maine a l r e a d y  has i n  e x i s t e n c e  f a i r l y  s t r i n g e n t  t h e r m a l  e f f i c i e n c y  
s t a n d a r d s  f o r  m o b i l e  homes.
TABLE 6
E n e r g y  S a v i n g s  in  t h e  R e s i d e n t i a l  S e c t o r  from I m p l e m e n t a t i o n  i n  1978 
o f  a B u i l d i n g  S t a n d a r d  E q u i v a l e n t  t o  ASHRAE 90 -75
T o t a l  %
% Change % Change Change in
Housing Type
No. o f
u n i t s
1975
i n  E ne rg y  
Consumption 
i n  S e c t o r
No. o f
u n i t s
1980
i n  E ne rg y  
Consum ption 
i n  S e c t o r
No. o f
u n i t s
1985
E n e rg y  
Consum ption 
in  S e c t o r
M o b i l e  Homes 2 7 , 8 2 4 NA 30 ,7 2 0 NA 33 ,90 0 NA
C o n v e n t i o n a l 2 5 4 , 3 8 3 .70% 2 8 1 , 1 3 5 .70% 3 1 0 , 7 0 0 1.34%
A p a r tm e n ts 1 0 4 , 9 8 3 1. 1 3 % 1 1 5 , 3 4 0 1 . 1 7 % 1 2 6 , 7 2 5 2.25%
★
Removals 7 , 8 7 2 3 , 5 4 4 9 , 4 2 6
T o t a l  Net 3 8 5 , 7 1 7 1.88% 4 1 8 , 6 5 1 1 .87% 461 ,899 3.59%
*
Removals  a r e t a k e n  t o  be e q u a l  t o  2% o f  t o t a l  u n i t s .
As i n d i c a t e d  by T a b l e  6 ,  t h e  i m p l e m e n t a t i o n  o f  a b u i l d i n g  s t a n d a r d  l i k e  
ASHRAE 9 0 -7 5  in  Maine w i l l  ha ve  a m inim al  e f f e c t  on t h e  t o t a l  e n e r g y  u s e  in  
t h e  S t a t e  i n  1980. A l t h o u g h  t h e  e f f e c t  w i l l  c o n t i n u e  t o  i n c r e a s e  o v e r  t h e  
y e a r s ,  t h e  o v e r a l l  im p a c t  w i l l  be s m a l l  i n  t h e  f o r e s e e a b l e  f u t u r e .
A n o t h e r  a s p e c t  o f  R e s i d e n t i a l  e n e r g y  c o n s e r v a t i o n  i s  t h e  r e n o v a t i o n  o f  
r e s i d e n t i a l  s t r u c t u r e s  to  im p ro ve  t h e  e f f i c i e n c y  o f  e n e r g y  u s e .  T h i s  p r o c e s s ,  
known as  " r e t r o - f i t " ,  can be im p le m e n te d  t h r o u g h  a number o f  m e th o d s .  T h e s e  
i n c l u d e  t h e  a d d i t i o n  o f  i n s u l a t i o n ,  t h e  i n s t a l l a t i o n  o f  w e a t h e r s t r i p p i n g ,  
c a u l k i n g  and o t h e r  p h y s i c a l  means.  E s t i m a t e s  on t h e  e f f e c t i v e n e s s  o f  r e t r o ­
f i t t i n g  v a r y .  H owever ,  i f  p h y s i c a l  c h a n g e s  a r e  c o u p l e d  w i t h  minimal  r e d u c t i o n s  
in  t h e r m o s t a t  s e t t i n g s  and l i g h t i n g  u s e ,  up t o  a 25% r e d u c t i o n  in  o v e r a l l  
e n e r g y  c o n s u m p t io n  can be e a s i l y  a c h i e v e d .
I t  has  be en e s t i m a t e d  t h a t  t e n  p e r c e n t  o f  homeowners  n a t i o n a l l y  woul d 
u n d e r t a k e  r e t r o - f i t  p r o j e c t s  i f  t h e y  w e r e  p r o p e r l y  i n f o r m e d  a b o u t  t h e  t y p e  
o f  m o d i f i c a t i o n s  w h i c h  s h o u l d  be made.  I f  some i n c e n t i v e  we r e  g i v e n  t o  
homeowners f o r  r e t r o - f i t  p r o j e c t s ,  t h e  p e r c e n t a g e  o f  p e r s o n s  t h a t  woul d  
t a k e  a d v a n t a g e  o f  t h e  pr o g r a m m i g h t  be much h i g h e r .
Based on t h e  a s s u m p t i o n  t h a t  10% o f  M a i n e ' s  r e s i d e n t s  woul d t a k e  
a d v a n t a g e  o f  a r e t r o - f i t  p r o g r a m by 1980 and t h e r e b y  r e d u c e  t h e i r  e n e r g y  
c o n s u mp t i o n  by 25%,  1 . 66% o f  t h e  e n e r g y  use d  i n  t h e  r e s i d e n t i a l  s e c t o r  
c o u l d  be s a v e d .  I f  a n o t h e r  10% o f  t h e  homeowners i n  t h e  S t a t e  we r e  t o  u n d e r ­
t a k e  r e t r o - f i t  p r o j e c t s  in t h e  y e a r s  b e t we e n 1980 and 1 9 8 5 ,  an a d d i t i o n a l  1 . 66% 
_,could be s a v e d  i n  t h e  s e c t o r .  T h i s  woul d mean an o v e r a l l  r e d u c t i o n  in t h e  
S t a t e ' s  e n e r g y  u s e  o f  0.38% by 1980 and 0.72% by 1 9 8 5 .  In e a c h  c a s e ,  t he  
s a v i n g s  wh i c h  c o u l d  be a c h i e v e d  t h r o u g h  r e t r o - f i t  s l i g h t l y  e x c e e d  t h o s e  
a c h i e v e d  t h r o u g h  t h e  i m p l e m e n t a t i o n  o f  ASHRAE 9 0 - 7 5  f o r  new c o n s t r u c t i o n .  I f  
a l 1 s i n g l e  u n i t  d w e l l i n g s  i n  t h e  S t a t e  w e r e  r e n o v a t e d  t o  a c h i e v e  a 25% 
r e d u c t i o n  i n  e n e r g y  u s a g e ,  16 . 5% o f  t h e  e n e r g y  u s e  i n  t h a t  s e c t o r  c o u l d  be 
s a v e d .  T h i s  wo ul d  r e p r e s e n t  a 4% r e d u c t i o n  in o v e r a l l  e n e r g y  c o n s u m p t i o n .
T h i s ,  o f  c o u r s e  i s  an o p t i m i s t i c  v i e w  and c o u l d  p r o b a b l y  n e v e r  be r e a l i z e d .  
However,  t h i s  e x a m p l e  c l e a r l y  i n d i c a t e s  t h e  t r e me n d o u s  p o t e n t i a l  e n e r g y  
s a v i n g s  wh i c h  can be a c h i e v e d  t h r o u g h  r e t r o - f i t  i n  o l d e r  homes.
In summary,  a c o m b i n a t i o n  o f  a mo d e r a t e  r e t r o - f i t  program and t h e  
i m p l e m e n t a t i o n  o f  a s t a n d a r d  such as ASHRAE 9 0- 7 5  c o u l d  r e s u l t  in a mo d e r a t e  
e n e r g y  s a v i n g s .  The combined r e s u l t s  a r e  t a b u l a t e d  in T a b l e  7 b e l o w.
TABLE I
P o s s i b l e  Ene r g y  Use R e d u c t i o n s  i n  t h e  R e s i d e n t i a l  S e c t o r
1 9 7 5 - 1 9 8 5
C o n s e r v a t i o n 1 9 7 5 - 1 9 8 0 1 9 7 5 - 1985
T e c h n i q u e
% o f  S e c t o r  % o f  T o t a l % o f  S e c t o r % o f  T o t a l
Implement  
ASHRAE f o r  
new
c o n s t r u c t i o n
1.88% 0.43% 3.59% 0.78%
R e t r o - f i t  
Program (2% o f  
Homes p e r  y e a r )
1 . 66% 0.38% 3.32% 0. 72%
T o t a l
R e d u c t i o n 3.54% 0.81% 6. 91% 1 . 5 1 %
3.  Commerce
H e a t i n g  and l i g h t i n g  a r e  t h e  ma j o r  e n e r g y - c o n s u m i n g  a c t i v i t i e s  w i t h i n  
t h e  c omme r c i a l  s e c t o r .  As o f  1 9 7 4 ,  d a t a  i n d i c a t e  t h a t  commerce u t i l i z e d  
10.8% o f  t h e  t o t a l  e n e r g y  c o ns u mp t i o n  o f  t h e  S t a t e .  A p p r o x i m a t e l y  43% 
o f  t h i s  e n e r g y  was e l e c t r i c a l  w h i l e  a l m o s t  56% was p e t r o l e u m .  I t  i s  assumed 
t h a t  t h e  e l e c t r i c a l  e n e r g y  was used p r i m a r i l y  f o r  l i g h t i n g  and t h e  p e t r o l e u m  
p r i m a r i l y  f o r  h e a t i n g .  A l t h o u g h  t h e s e  a s s u m p t i o n s  may n o t  be e n t i r e l y  
c o r r e c t ,  e s p e c i a l l y  i n  t h e  c a s e  o f  e l e c t r i c i t y ,  t h e y  w i l l  a l l o w  f o r  a 
r e a s o n a b l e  c o m p u t a t i o n  o f  t h e  p o s s i b l e  c o n s e r v a t i o n  wh i c h  can be a c h i e v e d .
The h i s t o r i c a l  d a t a  p r e s e n t e d  in C h a p t e r  1 showed t h a t  t h e  c o mme r c i a l  
s e c t o r  i s  t h e  f a s t e s t  g r o w i n g  e n e r g y  c onsumi ng s e c t o r  i n  t h e  S t a t e .
T h e r e  i s  no r e a s o n  t o  b e l i e v e  t h a t  t h i s  t r e n d  w i l l  n o t  c o n t i n u e  as  o u r  
economy s h i f t s  f rom m a n u f a c t u r i n g  o r i e n t a t i o n  t o  s e r v i c e  o r i e n t a t i o n .  For  
t h e  p u r p o s e s  o f  t h i s  d o c u me n t ,  e n e r g y  us e  r e d u c t i o n  can be c a l c u l a t e d  on 
t h e  b a s i s  o f  a p p l y i n g  known c o n s e r v a t i o n  t e c h n i q u e s  t o  e x i s t i n g  c o mme r c i a l  
e s t a b l i s h m e n t s .  Such c a l c u l a t i o n s  w i l l  y i e l d  c o n s e r v a t i v e  e s t i m a t e s  o f  t h e  
amount o f  e n e r g y  w h i c h  can be s a v e d .  As new c o mme r c i a l  g r o w t h  d o e s  o c c u r ,
t h e  s t a n d a r d s  f o r  e n e r g y  c o n s e r v a t i o n  a p p l y i n g  t o  e x i s t i n g  e s t a b l i s h m e n t s  w i l l  
a p p l y  t o  t h e  new f i r m s .  Th u s ,  a l t h o u g h  t h e  o v e r a l l  amount o f  e n e r g y  u s e  w i l l  
i n c r e a s e  as  c o mme r c i a l  a c t i v i t y  c o n t i n u e s  t o  t r e n d  upward,  t h a t  i n c r e a s e  
w i l l  r e f l e c t  c o n s e r v a t i o n  me a s u r e s  wh i c h  w i l l  be i mpl e me nt e d i n  t h e  S t a t e .
I t  has been e s t i m a t e d  t h e  40% t o  50% o f  t h e  e n e r g y  use d  f o r  l i g h t i n g  
in t h e  Commerci al  s e c t o r  can be s a v e d  t h r o u g h  i m p l e m e n t a t i o n  o f  new l i g h t i n g  
s t a n d a r d s .  Such a r e d u c t i o n  woul d  have  t o  be a c c o m p l i s h e d  o v e r  t i m e .
However,  i t  i s  probably r e a s o n a b l e  t o  assume t h a t  t h e s e  r e d u c e d  l i g h t i n g  
l e v e l s  c o u l d  be i mpl e me nt e d  by 1 985 .  O t h e r  e n e r g y  us e  r e d u c t i o n s  c o u l d  be 
b r o u g h t  a b o u t  by c h a n g e s  i n  o p e r a t i n g  p r o c e d u r e s .  E s t i m a t e s  made by t h e  
General  S e r v i c e s  A d m i n i s t r a t i o n  i n d i c a t e  t h a t  a t  l e a s t  10% o f  t h e  t o t a l  
e n e r g y  used  i n  t h e  c o mme r c i a l  s e c t o r  c o u l d  be s a v e d  t h r o u g h  mi nor  c h a n g e s  
in o p e r a t i n g  s c h e d u l e s  and l o w - c o s t / n o - c o s t  c o n s e r v a t i o n  me t ho d s .
Based on t h e s e  e s t i m a t e s ,  t h e  e n e r g y  s a v i n g s  wh i c h  can be a c h i e v e d  i n  
t he  c o mme r c i a l  s e c t o r  can be c a l c u l a t e d .  The r e s u l t s  o f  t h o s e  c a l c u l a t i o n s  
ar e  shown i n  T a b l e  8 b e l o w .
TABLE 8
E s t i m a t e d  Ene r g y  Use R e d u c t i o n s  in t h e  
Commerci al  S e c t o r  
1 9 7 5 - 1 9 8 5
C o n s e r v a t i  on 1980 1985
T e c h n i q u e % o f  S e c t o r  % o f  T o t a l % o f  S e c t o r % o f  T o t a l
Implement
L i g h t i n g
S t a n d a r d s
8. 5 1 % 0. 97% 17. 02% 2.06%
Implement 
O p e r a t i o n  
Changes
5.75% 0.66% 11 . 50% 1. 39%
T o t a l 14.26% 1. 63% 28.52% 3.45%
4.  I n d u s t r y
S i n c e  t h e  e n e r g y  c r i s i s  o f  1 9 7 3 - 1 9 7 4 ,  t h e r e  has been a v o l u n t a r y  
pr ogr am f o r  e n e r g y  c o n s e r v a t i o n  1n i n d u s t r y .  T h i s  pr o gr a m a s k e d  t h a t  
i n d u s t r i e s  i n  c e r t a i n  c a t e g o r i e s  s e t  g o a l s  f o r  e n e r g y  r e d u c t i o n s  t o  be 
a c h i e v e d  by 1980.  Thes g o a l s  w e r e  e s t a b l i s h e d  on a " p e r - u n i t - o f - p r o d u c t "  
b a s i s  t o  a l l o w  f o r  f l u c t u a t i o n s  i n  t h e  m a r k e t - p l a c e .  A c c o r d i n g  t o  
n a t i o n w i d e  s t a t i s t i c s ,  t h e  pr ogr am has been v e r y  s u c c e s s f u l  i n  most  o f  t h e  
i n d u s t r i a l  c a t e g o r i e s  r e p o r t i n g .  S i g n i f i c a n t  p r o g r e s s  has  been made 
t o wa r d  a c h i e v i n g  t h e  e s t a b l i s h e d  e n e r g y  c o n s e r v a t i o n  g o a l s .
The Ene rgy  P o l i c y  and C o n s e r v a t i o n  A c t  makes i t  m a n d a t o r y  f o r  a l l  
i n d u s t r i e s  i n  t h e  t e n  most  e n e r g y  c o n s u m p t i v e  c a t e g o r i e s  t o  r e p o r t  t h e i r  
e n e r g y  u s a g e  t o  FEA on a q u a r t e r l y  b a s i s .  The m a n d a t o r y  progr am i s  
w a i v e d  f o r  any i n d u s t r y  a l r e a d y  p a r t i c i p a t i n g  i n  t h e  v o l u n t a r y  pr ogr am.  
( T h u s ,  FEA i s  e n c o u r a g i n g  i n d u s t r i e s  t o  p a r t i c i p a t e  i n  t h e  v o l u n t a r y  
p r o g r a m ) .
Type s  o f  i n d u s t r i e s  i n  Maine w h i c h  a r e  s u b j e c t  t o  t h e  ma n d a t o r y  
r e p o r t i n g  r e q u i r e m e n t  a r e  shown i n  T a b l e  9.  T h i s  t a b l e  i s  a r r a n g e d  by 
S t a n d a r d  I n d u s t r i a l  Code C l a s s i f i c a t i o n  as  p r e p a r e d  by t h e  U . S .  De p a r t me n t  
o f  Commerce.  (Not  a l l  w i l l  ha v e  t o  r e p o r t ,  h o w e v e r ,  o n l y  t h e  l a r g e r  f i r m s ) .
TABLE 9
Maj or  E n e r g y  Consumi ng I n d u s t r i e s  i n  Maine 
by SIC C l a s s i f i c a t i o n
S t a n d a r d  I n d u s t r i a l
Code________  _____ I n d u s t r y
26 P a p e r  and A l l i e d  P r o d u c t s
20 Wood and K i n d r e d  P r o d u c t s
22 T e x t i l e  M i l l  P r o d u c t s
24 Lumber and Wood P r o d u c t s
34 F a b r i c a t e d  Me t a l  P r o d u c t s
23 A p p a r e l  and O t h e r  T e x t i l e  P r o d u c t s
31 L e a t h e r  P r o d u c t s
T h e r e  a r e ,  o f  c o u r s e ,  many i n d u s t r i e s  i n  t h e  S t a t e  wh i c h  do n o t  f a l l  
i n  t h e  SIC c l a s s i f i c a t i o n s  l i s t e d  a b o v e .  I t  i s  f e l t  t h a t  a l t h o u g h  t h e s e  
i n d u s t r i e s  do n o t  f a l l  under  t h e  m a n d a t o r y  r e p o r t i n g  p r o g r a m,  e c o n o m i c s  
w i l l  n e v e r t h e l e s s  d i c t a t e  t h e  i m p l e m e n t a t i o n  o f  e n e r g y  c o n s e r v a t i o n  
t e c h n i q u e s .
The c o n s e r v a t i o n  t a r g e t s  e s t a b l i s h e d  by t h e  m a j o r  i n d u s t r i e s  i n  t h e  
S t a t e  r a n g e  f rom 5% t o  15% w i t h  t h e  l a r g e s t  number o f  i n d u s t r i e s  h a v i n g  
e s t a b l i s h e d  a t a r g e t  o f  10%. Dat a  on p r e s e n t  c o n s u m p t i o n ,  campared w i t h  
t h e  p r e - e m b a r g o  c o n s u m p t i o n ,  show s i g n i f i c a n t  r e d u c t i o n s  i n  most  i n d u s t r i a l  
c a t e g o r i e s .  For  t h e  p u r p o s e  o f  t h i s  s e c t i o n ,  an a v e r a g e  g o a l  o f  10% 
e n e r g y  r e d u c t i o n  w i l l  be assumed f o r  a l l  i n d u s t r i e s  i n  Ma i ne .  I t  i s  f u r t h e r  
assumed t h a t  t h i s  s a v i n g s  can be a c h i e v e d  by t h e  t a r g e t  d a t e  o f  1980 w i t h  
a f u r t h e r  r e d u c t i o n  o f  5% p o s s i b l e  be t we e n  1980 and 1 985 .  Based on t h e s e  
p r e d i c t i o n s  t h e  f o l l o w i n g  p r o j e c t i o n s  can be made r e g a r d i n g  e n e r g y  c o n s e r v a t i o n  
in t h e  i n d u s t r i a l  s e c t o r .  The p r o j e c t i o n s  a r e  shown i n  T a b l e  10.
TABLE 10
E s t i m a t e d  E n e r g y  Use R e d u c t i o n s  i n  t h e  
I n d u s t r i a l  S e c t o r
1980 1985
% o f  S e c t o r % o f  T o t a l % o f  S e c t o r % o f  T o t a l
I n d u s t r i a l  
C o n s e r v a t i  on 
Pr ogr am
10.0% 3.22% 15. 0% 4 . 1 7 %
Mi s e e l  1 aneous
T h e r e  a r e  many a d d i t i o n a l  c o n s e r v a t i o n  a c t i v i t i e s  and pr ogr ams wh i c h  
mi g h t  be i mpl ement ed i n  e a c h  o f  t h e  f o u r  e n d - u s e  s e c t o r s  d i s c u s s e d  a b o v e .
T h e s e  programs i n c l u d e  such t h i n g s  as  " R i g h t - t u r n - o n - r e d - a f t e r - s t o p "  
r e g u l a t i o n s  and m o d i f y i n g  t h e  p u r c h a s i n g  p r a c t i c e s  i n  S t a t e  and l o c a l  
g o v e r n m e n t s ,  b o t h  o f  w h i c h  a r e  r e q u i r e d  p a r t s  o f  t h e  e n e r g y  c o n s e r v a t i o n  
p l a n s  wh i c h  t h e  S t a t e  w i l l  p r e p a r e  u nd e r  t h e  E n e r g y  P o l i c y  and C o n s e r v a t i o n  
A c t .  In t h e  c a s e  o f  t h e  t r a f f i c  r e g u l a t i o n s ,  t h e r e  a r e  a v e r y  l i m i t e d  
number o f  t r a f f i c  s i g n a l s  i n  Maine and t h u s ,  t h e  amount o f  e n e r g y  s a v e d  by 
RTORAS r e g u l a t i o n s  wo ul d  be v e r y  s m a l l  i n d e e d .  S i m i l a r l y ,  t h e  e n e r g y  
consumed by g o v e r  nment i s  a s ma l l  f r a c t i o n  o f  t h e  S t a t e  t o t a l .  O n l y  a 
s m a l l  p e r c e n t a g e  o f  t h i s  e n e r g y  u s a g e  wo ul d  be r e d u c e d  t h r o u g h  p u r c h a s i n g  
r e q u i r e m e n t s  and t h e s e  r e q u i r e m e n t s  a r e  a l r e a d y  i n  p l a c e  a t  t h e  S t a t e  
g o v e r n me n t  l e v e l  t h r o u g h  a S t a t e  A g e n c i e s  C o n s e r v a t i o n  P l a n .  Howe ve r ,  
a t t e n t i o n  needs  t o  be p a i d  t o  t h e  c o n c e p t  o f  L i f e  C y c l e  C o s t i n g  as  a 
g o v e r nme nt  p u r c h a s i n g  e v a l u a t i o n  t o o l .
I t  i s  d o u b t f u l  t h a t  t h e  i m p l e m e n t a t i o n  o f  t h e s e  pr ograms w i l l  
s u b s t a n t i a l l y  r e d u c e  t h e  amount o f  e n e r g y  wh i c h  i s  used  i n  Ma i ne .  A l t h o u g h  
some e n e r g y  c o n s u m p t i o n  t a k e  p l a c e  im s e c t o r s  o u t s i d e  t h e  m a j o r  o ne s  
m e n t i o n e d ,  t h i s  c o n s u mp t i o n  makes up o n l y  1 . 8% o f  t h e  t o t a l  e n e r g y  u s e  in 
t h e  S t a t e .  Even a 10% r e d u c t i o n  in t h i s  s e c t o r  woul d mean l e s s  t ha n  a 
0.2% r e d u c t i o n  in o v e r a l l  e n e r g y  c o n s u m p t i o n  f o r  Mai ne .  B e c a u s e  t h e r e  i s  
no way t o  e s t i m a t e  t h e  a c t u a l  amount o f  r e d u c t i o n  wh i c h  c o u l d  be a c h i e v e d  
i n  t h e  s e c t o r s  o u t s i d e  t h e  ma j o r  f o u r ,  no a d d i t i o n a l  p r o j e c t e d  r e d u c t i o n s  
w i l l  be added t o  t h e  o v e r a l l  t o t a l .
SUMMARY
The t o t a l  amount o f  e n e r g y  wh i c h  can be s a v e d  t h r o u g h  c o n s e r v a t i o n  i n  
t h e  ma j o r  end use  s e c t o r s  in Maine i s  shown i n  T a b l e  1 1 .  As t h e  d a t a  c l e a r l y  
i n d i c a t e ,  s i g n i f i c a n t  r e d u c t i o n s  i n  t h e  t o t a l  e n e r g y  c o n s u mp t i o n  can be 
b r o u g h t  a b o u t  t h r o u g h  i m p l e m e n t a t i o n  o f  t h e  v a r i o u s  c o n s e r v a t i o n  pr ogr ams
o u t !  i t ied.
TABLE 11
O v e r a l l  Ene rgy  R e d u c t i o n s  by S e c t o r
1 9 7 5 - 1 9 8 0  1 9 7 5 - 1 9 8 5
End Use S e c t o r % o f  T o t a l % o f  T o t a l
T r a n s p o r t a t i  on 1 . 79% 7 . 1 7 %
R e s i d e n t i a l 0.81% 1 . 5 1 %
Commercial 1 .63% 3.45%
I n d u s t r i a l 3.22% 4 . 1 7 %
T o t a l 7.45% 16.30%
As p r e v i o u s l y  n o t e d ,  t h e s e  f i g u r e s  a r e  s u b j e c t  t o  a number o f  f a c t o r s  
which c o u l d  a l t e r  t h e  a c t u a l  c o n s e r v a t i o n  c o n s i d e r a b l y .  However ,  b a s e d  
on h i s t o r i c a l  c o n s u m p t i o n  d a t a ,  and d a t a  on h o u s i n g ,  t r a n s p o r t a t i o n  and t h e  
o t h e r  s e c t o r s ,  t h e  f i g u r e s  shown a r e  b e l i e v e d  t o  be r e a s o n a b l e .
I t  s h o u l d  be n o t e d  t h a t  i f  e n e r g y  c o n s u mp t i o n  w i t h o u t  c o n s e r v a t i o n  in 
1985 we r e  p r o j e c t e d  t o  be t h e  same as f o r  1974 ( t h a t  i s ,  no g r o wt h  in 
e n e r g y  c o n s u m p t i o n ) ,  t h e n  t h e  s a v i n g s ,  whi c h  woul d r e s u l t  f rom t h e  p r o j e c t e d  
c o n s e r v a t i o n  l e v e l s  i n  t e r ms  o f  b a r r e l s  o f  o i l  e q u i v a l e n t ,  woul d be on t h e  
o r d e r  o f  44 m i l l i o n  b a r r e l s .  I t  must  be c l e a r l y  u n d e r s t o o d  t h a t  a l l  t h e  
e n e r g y  used i n  Maine i s  n o t  p e t r o l e u m  d e r i v e d .  Howe ve r ,  t h e  numbers i l l u s t r a t e  
t he  t r emendous  p o t e n t i a l  t h a t  c o n s e r v a t i o n  can have  f o r  t h e  S t a t e .
Data Source: 
Federal 
Energy
Administration
MILLIONS OF BARRELS PER DAY OIL EQUIVALENT
CONSERVATION
DOMESTIC OIL
GO
CD
DO
CDmoo
CD~n
NUCLEAR'
GO
CC
-O
~TJ
-<
DOMESTIC & FOREIGN 
NATURAL GAS
moo
~o 
OO CD
CD DOCO — I 
OO ZE> — I D3 
•— • CD—I m
— I CDm  ~ n  
"n co
CD CD 
DO D^ OOoo m  
cm do  
~o <  “O >  I—  — I -< •—  
CD
COAL
IMPORTED OIL
Residential Energy Use 
Alternatives: 1976 to 2000
A vigorous conservation program could reduce energy 
use growth to almost zero through the year 2000.
Eric Hirst
B e t w e e n  t h e  e n d  o f  W o r l d  W a r  II  a n d  
t h e  e a r l y  1 9 7 0 ' s ,  r e s i d e n t i a l  e n e r g y  u s e  
g r e w  s t e a d i l y  a n d  r a p i d l y  b e c a u s e  o f  
g r o w t h  in  p o p u l a t i o n ,  h o u s e h o l d s ,  a n d  
i n c o m e ;  d e c l i n e s  in  r e t a i l  f u e l  p r i c e s ;  a n d  
t h e  i n t r o d u c t i o n  o f  e n e r g y - u s i n g  h o u s e ­
h o l d  d e v i c e s .  R e s p o n s e s  t o  t h e s e  d e m o ­
g r a p h i c ,  e c o n o m i c ,  a n d  t e c h n o l o g i c a l  
c h a n g e s  i n c l u d e d  g r o w t h  in  o w n e r s h i p  o f  
e n e r g y - i n t e n s i v e  h o u s e h o l d  e q u i p m e n t  
( s u c h  a s  f o o d  f r e e z e r s  a n d  a i r  c o n d i ­
t i o n e r s ) .  s h i f t s  f r o m  s m a l l  e n e r g y - e f f i ­
c i e n t  d e v i c e s  t o  l a r g e r ,  l e s s  e f f i c i e n t  u n i t s  
( s u c h  a s  r e p l a c e m e n t  o f  s m a l l ,  m a n u a l  
d e f r o s t  r e f r i g e r a t o r s  w i t h  l a r g e  a u t o m a t i c  
d e f r o s t  m o d e l s  t h a t  c o n s u m e  5 0  t o  100 
p e r c e n t  m o r e  e l e c t r i c i t y ) ,  a n d  i n c r e a s i n g  
h o u s e h o l d  u s e  o f  e q u i p m e n t  ( s u c h  a s  
i n c r e a s e d  u s e  o f  l o n g ,  h o t  s h o w e r s  a n d  
i n a t t e n t i o n  t o  t h e  t u r n i n g  o f f  o f  l i g h t s ) .  
T h e  n e t  r e s u l t  o f  t h e s e  c h a n g e s  w a s  a n  
a v e r a g e  a n n u a l  g r o w  t h  r a t e  in  h o u s e h o l d  
e n e r g y  u s e  o f  3 . 6  p e r c e n t  b e t w e e n  1950  
a n d  1 9 7 5 .  n e a r l y  d o u b l e  t h e  g r o w t h  r a t e  
in h o u s e h o l d  f o r m a t i o n  ( 2 . 0  p e r c e n t )  {1, 
2) .
D u r i n g  t h e  p a s t  f e w  y e a r s ,  h o w e v e r ,  a  
n u m b e r  o f  f o r c e s  h a v e  e m e r g e d  t h a t  m a y  
s i g n i f i c a n t l y  a l t e r  t h e s e  h i s t o r i c a l  t r e n d s .  
R e s i d e n t i a l  f u e l  p r i c e s  b e g a n  t o  i n c r e a s e  
s h a r p l y  a r o u n d  1 9 7 0 .  a f t e r  t w o  d e c a d e s  
o f  d e c l i n e s  (2,  J ) .  B e c a u s e  o f  t h e s e  i n ­
c r e a s e s .  p e r s o n a l  c o n s u m p t i o n  e x p e n d i ­
t u r e s  o n  h o u s e h o l d  f u e l s  r o s e  2 7  p e r c e n t  
b e t w e e n  1970  a n d  1 9 7 4 .
In  a d d i t i o n  t o  t h e  e c o n o m i c  f o r c e  o f  
r i s i n g  p r i c e s ,  a  n u m b e r  o f  i n s t i t u t i o n a l  
c h a n g e s  a r e  u n d e r  w a y .  T h e  F e d e r a l  E n ­
e r g y  A d m i n i s t r a t i o n  ( F E A ) ,  c r e a t e d  in  
J u l y  1 974 ,  h a s  a n  O f f i c e  o f  C o n s e r v a t i o n  
a n d  E n v i r o n m e n t  t h a t  d e v e l o p s  a n d  i m ­
p l e m e n t s  f e d e r a l  e n e r g y  c o n s e r v a t i o n  
p o l i c i e s  a n d  p r o g r a m s .  T h e  E n e r g y  R e ­
s e a r c h  a n d  D e v e l o p m e n t  A d m i n i s t r a t i o n  
( E R D A ) .  c r e a t e d  in  J a n u a r y  1 9 7 5 ,  h a s  a n  
O f f i c e  o f  C o n s e r v a t i o n  t h a t  m a n a g e s  f e d ­
e r a l  R D  &  D  p r o g r a m s  t o  d e v e l o p  a n d
c o m m e r c i a l i z e  n e w  e n e r g y  c o n s e r v a t i o n  
t e c h n o l o g i e s .
T h e  f e d e r a l  E n e r g y  P o l i c y  a n d  C o n ­
s e r v a t i o n  A c t  ( P u b l i c  L a w  9 4 - 1 6 3 )  (4)  
r e q u i r e s  t h e  F E A  t o  e s t a b l i s h  v o l u n t a r y  
r e s i d e n t i a l  e q u i p m e n t  a n d  a p p l i a n c e  e f f i ­
c i e n c y  t a r g e t s  s o  t h a t  t h e  a g g r e g a t e  e f f i ­
c i e n c y  o f  a p p l i a n c e s  s o l d  in  1 9 8 0  e x c e e d s  
t h e  a g g r e g a t e  e f f i c i e n c y  f o r  1 9 7 2  b y  a t  
l e a s t  2 0  p e r c e n t .  T h e  a c t  a l s o  r e q u i r e s  
t h a t  l a b e l s  b e  a f f i x e d  t o  h o u s e h o l d  a p ­
p l i a n c e s  s h o w i n g  t h e i r  e n e r g y  e f f i ­
c i e n c i e s  a n d  o p e r a t i n g  c o s t s .
T h e  E n e r g y  C o n s e r v a t i o n  a n d  P r o d u c ­
t i o n  A c t  ( P L  9 4 - 3 8 5 )  ( 5 )  e s t a b l i s h e s  a  
p r o g r a m  t o  d e v e l o p  a n d  i m p l e m e n t  b u i l d ­
i n g  e n e r g y  p e r f o r m a n c e  s t a n d a r d s .  T h e  
A m e r i c a n  S o c i e t y  o f  H e a t i n g ,  R e f r i g e r ­
a t i n g ,  a n d  A i r - C o n d i t i o n i n g  E n g i n e e r s  
( A S H R A E )  d e v e l o p e d  a  s e t  o f  t h e r m a l  
s t a n d a r d s  f o r  n e w  b u i l d i n g s  ( A S H R A E  
9 0 - 7 5 )  (6 ) .  I m p l e m e n t a t i o n  o f  t h e s e  s t a n ­
d a r d s  w o u l d  s u b s t a n t i a l l y  r e d u c e  s p a c e  
h e a t i n g  a n d  a i r - c o n d i t i o n i n g  r e q u i r e ­
m e n t s  f o r  new- h o u s i n g  u n i t s  w i t h  l i t t l e  o r  
n o  i n c r e a s e  in  i n i t i a l  c o s t s  ( 7 ) .  A  n u m b e r  
o f  i s s u e s  r e l a t e d  t o  e n e r g y  p r i c e s — n a t u ­
r a l  g a s  d e r e g u l a t i o n ,  o i l  p r i c e  d e c o n t r o l ,  
a n d  e l e c t r i c i t y  r a t e  r e f o r m — a r e  h o t l y  d e ­
b a t e d  a l t h o u g h  u n r e s o l v e d .
I n  t h i s  a r t i c l e ,  I e m p l o y  a  d e t a i l e d  
c o m p u t e r  m o d e l  o f  r e s i d e n t i a l  e n e r g y  
u s e  d e v e l o p e d  a t  t h e  O a k  R i d g e  N a t i o n a l  
L a b o r a t o r y  ( O R N L )  t o  e v a l u a t e  t h e  e n e r ­
g y  i m p a c t s  o f  v a r i o u s  e n e r g y  c o n ­
s e r v a t i o n  s t r a t e g i e s .  T h e  m o d e l ,  d e t a i l s  
o f  w h i c h  h a v e  b e e n  d i s c u s s e d  ( / ) ,  s i m u ­
l a t e s  h o u s e h o l d  e n e r g y  u s e  a t  t h e  n a t i o n ­
a l  l e v e l  f o r  f o u r  f u e l s ,  s i x  e n d  u s e s ,  a n d  
t h r e e  h o u s i n g  t y p e s .  E a c h  o f  t h e s e  c o m ­
p o n e n t s  o f  f u e l  u s e  is  c o m p u t e d  o n  a n  
a n n u a l  b a s i s  in  r e s p o n s e  t o  c h a n g e s  in  
s t o c k s  o f  o c c u p i e d  h o u s i n g  u n i t s  a n d  
n e w  r e s i d e n t i a l  c o n s t r u c t i o n ,  e q u i p m e n t  
o w n e r s h i p  b y  f u e l  a n d  e n d  u s e ,  t h e r m a l  
i n t e g r i t y  o f  h o u s i n g  u n i t s ,  a v e r a g e  u n i t  
e n e r g y  r e q u i r e m e n t s  f o r  e a c h  t y p e  o f
r e s i d e n t i a l  e q u i p m e n t ,  a n d  u s a g e  f a c t o r s  
t h a t  r e f l e c t  h o u s e h o l d  s t y l e .  T h u s  t h e  
m o d e l  is s e n s i t i v e  t o  t h e  m a j o r  d e m o ­
g r a p h i c ,  e c o n o m i c ,  a n d  t e c h n o l o g i c a l  d e ­
t e r m i n a n t s  o f  h o u s e h o l d  f u e l  u s e .
T h e  m o d e l  is u s e d  t o  e v a l u a t e  t h e  e n e r ­
g y  i m p a c t s  b e t w e e n  1 9 7 6  a n d  2 0 0 0  o f  
c h a n g e s  in  h o u s e h o l d  f o r m a t i o n ,  h o u s i n g  
c h o i c e s ,  i n c o m e s ,  f u e l  p r i c e s ,  e f f i c i e n c y  
o f  n e w '  e q u i p m e n t ,  e f f i c i e n c y  o f  n e w  
s t r u c t u r e s ,  a n d  e f f i c i e n c y  o f  e x i s t i n g  
s t r u c t u r e s .  I s t a r t  w i t h  a  s e t  o f  i n p u t  
b o u n d a r y  c o n d i t i o n s  t o  t h e  m o d e l  t h a t  
p r o d u c e s  a  “ h i g h ”  f o r e c a s t  o f  r e s i d e n t i a l  
f u e l  u s e ,  a s  c l o s e  t o  h i s t o r i c a l  t r e n d s  a s  i s  
r e a s o n a b l y  p o s s i b l e .  I t h e n  p o s t u l a t e  a  
n u m b e r  o f  c h a n g e s — r e d u c e d  h o u s e h o l d  
g r o w t h ,  s h i f t s  in  h o u s i n g  c h o i c e s ,  s l o w e r  
i n c o m e  g r o w t h ,  i n c r e a s e s  in  f u e l  
p r i c e s — t o  y i e l d  a  “ b u s i n e s s  a s  u s u a l ”  
f o r e c a s t .  N e x t  I a d j u s t  t h e  b o u n d a r y  c o n ­
d i t i o n s  t o w a r d  h i g h e r  f u e l  p r i c e s ,  i m ­
p r o v e m e n t s  in  t h e r m a l  i n t e g r i t y  o f  n e w  
a n d  e x i s t i n g  s t r u c t u r e s ,  a n d  i n c r e a s e s  in  
e q u i p m e n t  e f f i c i e n c y .  T h i s  y i e l d s  “ l o w ”  
f o r e c a s t s  d u e  t o  i m p l e m e n t a t i o n  o f  t h e s e  
c o n s e r v a t i o n  s t r a t e g i e s .  T h e s e  c h a n g e s  
in  b o u n d a r y  c o n d i t i o n s  a r e  a p p l i e d  s e ­
q u e n t i a l l y  s o  t h a t  t h e  i n f l u e n c e  o f  e a c h  
c h a n g e  o n  h o u s e h o l d  f u e l  u s e s  c a n  b e  
i s o l a t e d ;  i n t e r a c t i o n s  a m o n g  t h e s e  s t r a t e ­
g i e s  a r e  a l s o  e v a l u a t e d .  T h e  b o u n d a r y  
c o n d i t i o n s  u s e d  t o  d r i v e  t h e  s i m u l a t i o n  
m o d e l  a n d  t h e  e n e r g y  i m p a c t s  o f  t h e s e  
e x o g e n o u s  c h a n g e s  a r e  s u m m a r i z e d  in  
T a b l e  1.
H i g h  F o r e c a s t
T h e  s t a r t i n g  p o i n t  f o r  o u r  e x p l o r a t i o n  
o f  a l t e r n a t i v e  f o r e c a s t s  i s  a  s e t  o f  a s s u m p ­
t i o n s  t h a t  y i e l d s  a  h i g h  g r o w t h  in  e n e r g y  
u s e  t o  t h e  y e a r  2 0 0 0  ( T a b l e  1, r u n  1). W e  
a s s u m e  t h a t  h o u s e h o l d  f o r m a t i o n  w i l l  
o c c u r  a c c o r d i n g  t o  t h e  B u r e a u  o f  t h e  
C e n s u s  s e r i e s  A  ( h i g h )  f o r e c a s t  ( 5 ) ,  
s h o w n  in  F i g .  1.
W e  a s s u m e  t h a t  t h e  d i s t r i b u t i o n  o f  
h o u s i n g  c h o i c e s  ( s i n g l e - f a m i l y  h o u s e ,  
m u l t i f a m i l y  b u i l d i n g s ,  t r a i l e r s )  b y  t h e  a g e  
o f  t h e  h o u s e h o l d  h e a d  r e m a i n s  c o n s t a n t  
a t  t h e  1 9 7 0  d i s t r i b u t i o n  ( 9 ) ,  a l s o  s h o w n  in  
F i g .  1: 6 9  p e r c e n t  s i n g l e - f a m i l y ,  28  p e r ­
c e n t  m u l t i f a m i l y ,  3 p e r c e n t  t r a i l e r .  R e a l  
p e r  c a p i t a  i n c o m e  is  a s s u m e d  t o  g r o w  a t  
a n  a v e r a g e  a n n u a l  r a t e  o f  2 . 8  p e r c e n t  
b e t w e e n  1975  a n d  2 0 0 0 .  R e s i d e n t i a l  f u e l  
p r i c e s  a r e  h e l d  c o n s t a n t  a t  t h e i r  1975 
v a l u e s .  F i n a l l y ,  n o  i m p r o v e m e n t s  in  t e c h ­
n i c a l  e f f i c i e n c y  o f  n e w  r e s i d e n t i a l  e q u i p ­
m e n t  o r  t h e r m a l  i n t e g r i t y  o f  r e s i d e n t i a l  
s t r u c t u r e s  a r e  p o s t u l a t e d .
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F i g u r e  2 s h o w s  f o r e c a s t s  o f  e l e c t r i c i t y ,  
g a s ,  o i l ,  a n d  t o t a l  h o u s e h o l d  f u e l  u s e  
p r o d u c e d  b y  t h e  s i m u l a t i o n  m o d e l  (run 1) 
o n  t h e  b a s i s  o f  t h e  i n p u t s  d i s c u s s e d  
a b o v e .  T o t a l  e n e r g y  u s e  g r o w s  f r o m  
17 .7  x  10,w j o u l e s  (10,H j o u l e s  =  0 . 9 4 8  
x  1 0 '5 Btu) in  1975 t o  3 2 . 7  x  1 0 IK 
j o u l e s  in  2 0 0 0 ,  w i t h  a n  a v e r a g e  a n n u t i l  
g r o w t h  r a t e  o f  2 .5  p e r c e n t .  F l e c t r i c i t y  
u ~ s e ~ g r o w s  m o r e  r a p i d l y  a t  3 . 8  p e r c e n t  
p e r  y e a r ,  w h i l e  g a s  a n d  o i l  g r o w  m o r e  
s l o w l y  a t  1 .8  a n d  0 . 4  p e r c e n t ,  r e s p e c t i v e ­
l y .  B e c a u s e  o f  d i f f e r e n c e s . . .  m  g r o w t h  
r a t e s , t h e  p e r c e n t a g e  o f  f u e l  p r o v i d e d  b y  
ej e c t r i c i t y  g r o w s  f r o m  4 3  p e r c e n t  in  1975
t o  5 9  p e r c e n t  in 2 0 0 0 .  C o m p a r a b l e  f i g ^  
j i R ^ ^ f o j ‘4 ta ii J -ua254  a iK l  2 9  p e r c e n t ,  fo r  o i l  _  
19 a n d  11 p e r c e n t ,  a n d  f o r  o l j i c i _ f u e l s - 4  
i i n d  1 p e r c e n t .
T h e  r ifTsTrTBution o f  f u e l  b y - e n d  u s e  
c h a n g e s  s l i g h t l y  o v e r  t i m e ;  t h e  p e r ­
c e n t a g e s  o f  t o t a l  f u e l  u s e d  f o r  s p a c e  h e a t ­
i n g  a n d  w a t e r  h e a t i n g  d e c l i n e  s l i g h t l y ,  
w h i l e  t h e  p e r c e n t a g e  u s e d  f o r  a i r  c o n d i ­
t i o n i n g  g r o w s  f r o m  7 p e r c e n t  in  1975 t o  
11 p e r c e n t  in  2 0 0 0 .
T h e  m o d e l  s h o w s  a  g r o w t h  in  f u e l  u s e  
o f  2 .5  p e r c e n t  p e r  y e a r ,  c o m p a r e d  w i t h  
t h e  h i s t o r i c a l  r a t e  o f  3 .6 p e r c e n t  p e r  y e a r  
b e t w e e n  1 9 5 0  a n d  1 9 7 5 .  T a b l e  2 s h o w s
d i f f e r e n c e s  in h i s t o r i c a l  a n d  f o r e c a s t  
g r o w t h  r a t e s  f o r  s e v e r a l  v a r i a b l e s  (2)  
u s e d  t o  e v a l u a t e  t h e  f a c t o r s  t h a t  y i e l d  
l o w e r  g r o w t h  in  t h e  f o r e c a s t  p e r i o d  t h a n  
in  t h e  h i s t o r i c a l  p e r i o d .  C h a n g e s  in 
h o u s e h o l d  g r o w t h  a c c o u n t  f o r  a l m o s t  
o n e - t h i r d  o f  t h e  d i f f e r e n c e  in  f u e l  u s e  
g r o w t h  r a t e s .
W e  a s s u m e d  t h a t  f u e l  p r i c e s  r e m a i n  a f  
t h e i r  1975  l e v e l s  ( in  c o n s t a n t  d o l l a r s )  t o  
t h e  y e a r  2 0 0 0 .  H o w e v e r ,  b e t w e e n  1950  
a n d  t h e  e a r l y  1 9 7 0 ’s ,  o v e r a l l  h o u s e h o l d  
e n e r g y  p r i c e s  d e c l i n e d  a b o u t  15 p e r c e n t  
(2 , 3). T h i s  c h a n g e  in  f u e l  p r i c e  t r e n d s  
( f r o m  d e c l i n e s  t o  c o n s t a n c y )  a c c o u n t s  
f o r  r o u g h l y  o n e - t h i r d  o f  t h e  d i f f e r e n c e  in  
f u e l  u s e  g r o w t h  b e t w e e n  t h e  t w o  p e r i o d s .
F i n a l l y ,  t h e  f o r e c a s t  a s s u m e s  t h a t  n o  
n e w  r e s i d e n t i a l  e n e r g y  u s e s  w i l l  b e  i n ­
t r o d u c e d  d u r i n g  t h e  n e x t  25 y e a r s .  H o w ­
e v e r .  d u r i n g  t h e  p a s t  25  y e a r s ,  e n e r g y  
u s e  f o r  a i r  c o n d i t i o n i n g  a n d  r e f r i g e r a t i o n  
g r e w  d r a m a t i c a l l y .  G r o w t h  in  e n e r g y  u s e  
f o r  a i r  c o n d i t i o n i n g  w a s  p r i m a r i l y  d u e  t o  
i n c r e a s i n g  m a r k e t  p e n e t r a t i o n ;  f e w e r  
t h a n  1 p e r c e n t  o f  h o u s e h o l d s  h a d  a i r  
c o n d i t i o n i n g  in  1 9 5 0 ,  w h e r e a s  5 0  p e r c e n t  
h a d  a i r  c o n d i t i o n i n g  in  1974  ( 9 ) .  F o r  r e ­
f r i g e r a t i o n ,  e l e c t r i c i t y  u s e  g r e w  b e c a u s e  
o f  s h i f t s  f r o m  s m a l l  m a n u a l - d e f r o s t  u n i t s  
t o  l a r g e  a u t o m a t i c - d e f r o s t  u n i t s .  L a r g e l y  
b e c a u s e  o f  t h e s e  t w o  g r o w t h  m a r k e t s ,  
t h e  r e l a t i v e  g r o w t h  o f  e l e c t r i c i t y  c o m ­
p a r e d  w i t h  o v e r a l l  h o u s e h o l d  f u e l  u s e  
w a s  h i g h e r  in  t h e  h i s t o r i c a l  p e r i o d  ( 2 . 0  
p e r c e n t  p e r  y e a r )  t h a n  in  t h e  f o r e c a s t  
p e r i o d  ( 1 . 5  p e r c e n t  p e r  y e a r ) .  T h e s e
Fig. 1 (left). Fore­
casts of households 
and occupied housing 
stock: 1970 to 2000. 
Fig. 2 (bottom left). 
Residential energy 
use and forecasts: 
1950 to 2000. Fig. 
3 (bottom right). 
Assumed fuel price 
trajectories to 2000.
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T ab le  1. A ssum ed  boun dary  conditions and m ajor n .■suits for residential i.nergy use forecasts.
Increased thermal 
integrity of structures
Energy use+ 
( 10,Mjoules)Run
No.*
Household
formation
Housing
choices
Per
capita
income
(%/year)
Fuel
prices
Improved 
efficiency of 
new equipment New Exist­ing 2000
1975 to 
2000
1 Series A 1970 2.8 Constant No No No 32.7 650
2 Series C 1970 2.8 Constant No No No 30.3 617
3 Series A 1960-70 2.8 Constant No No No 31.7 636
4 Series C 1960-70 2.8 Constant No No No 29.4 604
5 Series C 1960-70 2.1 Constant No No No 28.4 595
6 Series C 1960-70 2.1 Low growth No No No 25.2 563
7 Series C 1960-70 2.1 High growth No No No 24.1 543
8 Series C 1960-70 2.1 High growth Yes: to 1980 No No 21.6 507
9 Series C 1960-70 2.1 High growth Yes: to 2000 No No 20.1 494
10 Series C 1960-70 2.1 High growth No Yes No 23.4 533
11 Series C 1960-70 2.1 High growth No No Yes 23.9 535
12 Series C 1960-70 2.1 High growth Yes: to 2000 Yes Yes 19.3 478
*Runs 2 to 5 are discussed in (2). tAll energy use figures deal with primary energy. Electricity figures include losses in generation, transmission, and distribution.
c h a n g e s  in  e q u i p m e n t  o w n e r s h i p  a c ­
c o u n t  f o r  t h e  r e m a i n d e r  o f  t h e  d i f f e r e n c e  
b e t w e e n  h i s t o r i c a l  a n d  f o r e c a s t  g r o w t h  
r a t e s .  T h u s ,  t h e  s lo w  e r  g r o w ' t h  p r o j e c t e d  
in  t h e  h i g h  f o r e c a s t  is  d u e  in  r o u g h l y  
e q u a l  m e a s u r e  t o  r e d u c t i o n  in  h o u s e h o l d  
g r o w t h ,  i n c r e a s e s  in f u e l  p r i c e s ,  a n d  s a t u L 
r a t i o n  o f  e n e r g y - u s i n g  h o u s e h o l d  e q u i p ­
m e n t !  ~  '
B u s i n e s s - a s - T s u a l  F o r e c a s t
T h e  h i g h  f o r e c a s t  d i s c u s s e d  a b o v e - i s  
n o t  a  l i k e l y  f o r e c a s t  b e c a u s e  it a s s u m e s .  
t h a t  f u e l p r i c e s  w i l l  r e m a i n  c o n s t a n t  a t
t h e i r  1975  v a l u e s , t h a t  h o u s e h o l d  f o r m a ­
t i o n  a n d  i n c o m e s  w i l l  i n c r e a s e  r a p i d l y ,  
a n d  t h a t  r e c e n t  t r e n d s  in  h o u s i n g  c h o i c e s  
w'ill n o t  c o n t i n u e .  I n  t h i s  s e c t i o n .  I d e f i n e  
a  s e t  o f  i n p u t  c o n d i t i o n s  t h a t  y i e l d s  a  
b u s i n e s s - a s - u s u a l  ( B A U )  f o r e c a s t  o f  r e s i ­
d e n t i a l  e n e r g y  u s e  ( r u n  6) .
M y  c o  w o r k e r s  a n d  I a s s u m e d  t h a t  
h o u s e h o l d  f o r m a t i o n  w o u l d  g r o w  a t  a n  
a v e r a g e  a n n u a l  r a t e  o f  1 .7  p e r c e n t  f o r  t h e  
h ig h  f o r e c a s t .  I n  t h e  B A U  f o r e c a s t  w e  
u s e  t h e  B u r e a u  o f  C e n s u s  s e r i e s  C  ( l o w )  
f o r e c a s t  ( 5 ) ,  w h i c h  h a s  a n  a v e r a g e  a n n u a l  
g r o w  th  o f  1 .4  p e r c e n t  ( F i g .  1). T h i s  l o w e r  
f o r e c a s t  i s  m o r e  n e a r l y  c o n s i s t e n t  w i t h  
r e c e n t  d e c l i n e s  in  p o p u l a t i o n  g r o w t h  a n d  
o u r  a s s u m p t i o n  ( b e l o w )  o n  s l o w e r  
g r o w t h  in  i n c o m e .
B e t w e e n  1 9 6 0  a n d  1 9 7 0 ,  h o u s i n g  
c h o i c e s  s h i f t e d  s l i g h t l y  f r o m  s i n g l e - f a m ­
ily t o  m u l t i f a m i l y  a n d  t r a i l e r  u n i t s  (9 ) .  In  
t h e  B A U  f o r e c a s t ,  w e  a s s u m e  t h a t  t h e s e  
t r e n d s  c o n t i n u e  t o  t h e  y e a r  2 0 0 0 .  T h e  
c o n s e q u e n t  d i s t r i b u t i o n  o f  h o u s e h o l d s  
b y  h o u s i n g  t y p e  is s h o w n  in  F i g .  3 ;  t h e  
p e r c e n t a g e  o f  h o u s e h o l d s  in  s i n g l e - f a m ­
ily  u n i t s  in  2 0 0 0  d e c l i n e s  f r o m  6 9  p e r c e n t  
in t h e  h i g h  f o r e c a s t  t o  61 p e r c e n t  in  t h e  
B A U  f o r e c a s t .
T h e  g r o w  t h  o f  2 . 8  p e r c e n t  p e r  y e a r  in  
p e r  c a p i t a  i n c o m e  a s s u m e d  f o r  t h e  h i g h
f o r e c a s t  i s  c o n s i s t e n t  w i t h  h i s t o r i c a l  
g r o w t h  ( T a b l e  2 ) ,  b u t  is  m u c h  h i g h e r  t h a n  
m a n y  r e c e n t  m a c r o e c o n o m i c  f o r e c a s t s .  
F o r  e x a m p l e ,  a  r e c e n t  D a t a  R e s o u r c e s  
f o r e c a s t  (10) y i e l d s  a  g r o w t h  in  p e r  c a p i t a  
i n c o m e  o f  2 .1  p e r c e n t  p e r  y e a r  f r o m  1974  
t o  1 9 9 0 ,  w h i c h  w e  u s e  f o r  o u r  B A U  
f o r e c a s t .
F i n a l l y ,  t h e  h i g h  f o r e c a s t  i s  b a s e d  o n  
t h e  a s s u m p t i o n  t h a t  f u e l  p r i c e s  r e m a i n  
c o n s t a n t  f r o m  1975  t o  2 0 0 0 ;  in  t h e  B A U  
f o r e c a s t  w e  a s s u m e  t h a t  f u e l  p r i c e s  w i l l  
i n c r e a s e ,  b u t  a t  a  s l o w e r  r a t e  t h a n  t h e y  
d i d  d u r i n g  t h e  e a r l y  1 9 7 0 ' s .  W e  e x a m ­
i n e d  f u e l  p r i c e  p r o j e c t i o n s  f r o m  a  n u m ­
b e r  o f  s o u r c e s  a n d  s e l e c t e d  t w o  s e t s  o f  
p r o j e c t i o n s  f r o m  A n d e r s o n ' s  e n e r g y  s u p ­
p l y - d e m a n d  m o d e l  (11) ( F i g .  3 ) .  T h e  l o w -  
p r i c e  s e r i e s  u s e d  in  o u r  B A U  f o r e c a s t  
y i e l d s  f u e l  p r i c e s  in  t h e  y e a r  2 0 0 0  t h a t  a r e  
n e a r l y  5 0  p e r c e n t  h i g h e r  f o r  e l e c t r i c i t y  
a n d  g a s  a n d  10 p e r c e n t  h i g h e r  f o r  o i l  t h a n  
1975  p r i c e s .
C h a n g i n g  t h e s e  i n p u t s  t o  t h e  m o d e l  
r e d u c e s  r e s i d e n t i a l  e n e r g y  u s e  in  t h e  
y e a r  2 0 0 0  23  p e r c e n t ,  f r o m  33 x  ] 0 18 
j o u l e s  in  t h e  h i g h  f o r e c a s t  t o  2 5  x  1 0 18 
j o u l e s  ( T a b l e  1). T h e _ _ a v e r a g e ^ j m n u a l  
g r o w th-_r a t e  in  e n e r g y  u s e  is r e d u c e d  
f r g m  2 .5  t o  1 .5  p e r c e p T
T h i s  B A U  f o r e c a s t  s u g e e s t s  t h a t  e n e r-  
g y  u s e  w i l l  g r o w  a t j i b q u j  h a j f  i l s  h i s t o i i -  
c a l  r a t e  T , p r e s e n t  n e w 1 g o v e r n m e n t  p r o ­
g r a m s  a n d  q i a J i c i e & - - a r e  i m p l e m e n t e d .  
T h u s  a  g r e a t  d e a l  o f  e n e r g y  wTTTbe “ c o n -  
s e r v e d ”  b e c a u s e  o f  p r o j e c t e d  c h a n g e s  in  
d e m o g r a p h i c  c o n d i t i o n s  a n d  i n c r e a s e s  in  
f u e l  p r i c e s .
F u e l  P r i c e  C h a n g e s
O n e  e f f e c t i v e  m e a n s  o f  s l o w  i n g  e n e r g y  \  
g r o w t h  i s  t o  i n c r e a s e  f u e l  p r i c e s .  P r o p o ­
n e n t s  a r g u e  t h a t  p r i c e s  a r e  n o w  t o o  l o w  
b e c a u s e  t h e y  d o  n o t  i n c l u d e  v a r i o u s  s o ­
c i a l  c o s t s  a s s o c i a t e d  w i t h  e n e r g y  e x t r a c -  _
t i o n ,  p r o d u c t i o n ,  a n d  u s e  i n c l u d i n g  a d ­
v e r s e  e n v i r o n m e n t a l  i m p a c t s  s u c h  a s  a i r  
p o l l u t i o n  f r o m  p o w e r  p l a n t s  a n d  r e f i n e r ­
i e s .  e x t r e m e  r e l i a n c e  o n  f o r e i g n  n a t i o n s  
f o r  e n e r g y  i m p o r t s ,  a n d  i n t e r g e n e r a t i o n a l  
c o n s i d e r a t i o n s  s u c h  a s  e n e r g y  s c a r c i t i e s .  
P r o p o n e n t s  a l s o  f e e l  t h a t  e n e r g y  t a x e s  
a r e  e a s y  t o  a d m i n i s t e r ,  e f f e c t i v e ,  a n d  
r e l a t i v e l y  b e n i g n  b e c a u s e  t h e y  a l l o w  c o n ­
s u m e r s  m a x i m u m  c h o i c e  in t e r m s  o f  
e q u i p m e n t  o w n e r s h i p  a n d  u s e .
O p p o n e n t s  a r g u e  t h a t  t h e  e c o n o m i c  
b u r d e n  o f  h i g h e r  e n e r g y  p r i c e s  o n  low '-  
i n c o m e  f a m i l i e s  w o u l d  b e  e x c e s s i v e ,  t h a t  
d e m a n d  f o r  e n e r g y  is  r e l a t i v e l y  i n ­
s e n s i t i v e  t o  p r i c e  c h a n g e s ,  a n d  t h a t  e c o ­
n o m i c  g r o w t h  w o u l d  b e  a d v e r s e l y  a f - ^  
f e c t e d  b y  t h e  h i g h e r  c o s t  o f  e n e r g y .
W e  u s e  t h e  d i f f e r e n c e s  b e t w e e n  A n d e r ­
s o n ’s  h i g h  a n d  l o w  f u e l  p r i c e  f o r e c a s t s  
( 7 0 )  ( F i g .  3) a s  a  p r o x y  f o r  t h e  c h a n g e s  in  
p r i c e s  t h a t  m i g h t  o c c u r  d u e  t o  f e d e r a l  
p r o g r a m s  t o  r a i s e  e n e r g y  p r i c e s .  T h e  
h i g h  s e r i e s  y i e l d s  p r i c e s  in  2 0 0 0  t h a t  a r e  
a b o u t  10 p e r c e " n t H iTgT e ? ~ F o r  e l e c t r i c i t y ^  
a n d  g a s  a n d  25  p e r c e n t  h i g h e r . f o E .u iL t h a tL. 
a r e  t h e  l o w  p r i c e  f o r e c a s t s .
R a i s i n g  f u e l  p r i c e s  ( T a b l e  1, r u n  7)  
r e d u c e s  c n e r £ y__use in  th e . .y e a r  2 0 0 0 .b v  4. 
p e r c e n t ,  f r o m  25 x  1 0 18 j o u l e s  ( B A U ,  
r u n  6)  t o  2 4  x  1 0 ’8 j o u l e s .  T h e  a v e r a g e  
a n n u a l  g r o w t h  r a t e  is  r e d u c e d  f r o m  1.5_t o
lJ^eicenU-
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T e c h n o l o g i c a l  C h a n g e s
Equipment efficiency improvements. 
T h e  F E A  a d m i n i s t e r s  t h e  f e d e r a l  a p p l i ­
a n c e  e f f i c i e n c y  p r o g r a m  (4, 5 ) ;  t h e i r  i n i ­
t i a l  t a r g e t s  f o r  i m p r o v e m e n t s  in a p p l i a n c e  
e n e r g y  e f f i c i e n c y  f o r m  t h e  b a s i s  f o r  t h e  
v a l u e s  s h o w n  in  T a b l e  3 (7 2 ) .  I n  a d d i t i o n  
t o  t h e  1 9 8 0  t a r g e t s ,  c o n t i n u e d  i m p r o v e ­
m e n t s  in  a p p l i a n c e  a n d  e q u i p m e n t  p e r ­
f o r m a n c e  t o  t h e  y e a r  2 0 0 0  a r e  s h o w n .  
N e w  e q u i p m e n t  e f f i c i e n c i e s  a r e  h i g h e r  in
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1 9 8 0 ,  o n  a v e r a g e ,  b y  a b o u t  25 p e r c e n t  
r e l a t i v e  t o  1 9 7 0 - 1 9 7 5  v a l u e s .  I n  t h e  y e a r  
20(H), t h e  a v e r a g e  e f f i c i e n c y  i n c r e a s e  is 
a b o u t  4 0  p e r c e n t .
A  c o m p a r i s o n  o f  r u n s  8  a n d  7 ( T a b l e  1) 
s h o w s  t h e  i m p a c t s  o f  i m p r o v i n g  e f f i ­
c i e n c i e s  b e t w e e n  1 9 7 6  a n d  1980  a n d  t h e n  
h o l d i n g  e f f i c i e n c i e s  a t  t h e i r  1980  l e v e l s  t o  
t h e  y e a r  2 0 0 0 .  A  c o m p a r i s o n  o f  r u n s  9  
a n d  7  s h o w s  t h e  i m p a c t s  o f  c o n t i n u i n g  t o  
i m p r o v e  e f f i c i e n c i e s  b e y o n d  1980 .  T h e  
e n e r g y  s a v i n g s  w i t h  e i t h e r  s c h e d u l e  o f  
i m p r o v e m e n t s  a r e  c o n s i d e r a b l e :  10 a n d  
17 p e r c e n t  in  t h e  y e a r  2 0 0 0 .  C o n t i n u e d  
i m p r o v e m e n t  in  e q u i p m e n t  e f f i c i e n c i e s  
b e y o n d  1 9 8 0  y i e l d s  s i g n i f i c a n t  e n e r g y  
s a v i n g s  b y  t h e  y e a r  2 0 0 0 .  T h e  c u m u l a t i v e  
e n e r g y  s a v i n g s  b e t w e e n  1975  a n d  2 0 0 0  is  
i n c r e a s e d  b y  a  t h i r d  ( t o  4 9  x  1 0 ’8 j o u l e s )  
in  g o i n g  f r o m  n a n  8 t o  r u n  9 .
Thermal integrity improvements. A s  
w 'a s  n o t e d  e a r l i e r ,  A S H R A E  r e c e n t l y  d e ­
v e l o p e d  a  s e t  o f  t h e r m a l  s t a n d a r d s  f o r  d e ­
s ig n  o f  n e w  r e s i d e n t i a l  a n d  c o m m e r c i a l  
s t r u c t u r e s  (6 ) .  A n  e v a l u a t i o n  o f  t h e s e  s t a n ­
d a r d s  b y  A .  D .  L i t t l e ,  I n c .  (6 )  s h o w e d  t h a t  
s p a c e  h e a t i n g  e n e r g y  r e q u i r e m e n t s  f o r  
n e w  s i n g l e - f a m i l y  u n i t s  w o u l d  b e  r e d u c e d  
11 p e r c e n t  n a t i o n w i d e ,  c o m p a r e d  w i t h  
t y p i c a l  1973  c o n s t r u c t i o n  p r a c t i c e s .  C o m ­
p a r a b l e  s a v i n g s  f o r  l o w - r i s e  a p a r t m e n t  
b u i l d i n g s  a r e  4 6  p e r c e n t .  E n e r g y  s a v i n g s  
f o r  a i r  c o n d i t i o n i n g  a r e  3 0  p e r c e n t  f o r  
s i n g l e - f a m i l y  u n i t s  a n d  55  p e r c e n t  f o r  
a p a r t m e n t  b u i l d i n g s .  N o  e n e r g y  s a v i n g s  
w e r e  e s t i m a t e d  f o r  m o b i l e  h o m e s .
A c c o r d i n g  t o  t h e  L i t t l e  r e p o r t  (6 ) ,  t h e  
i n c r e a s e  in  c o s t  f o r  t i g h t e r  c o n s t r u c t i o n ,  
a d d i t i o n a l  i n s u l a t i o n ,  a n d  s t o r m  w i n ­
d o w s  a n d  d o o r s  w a s  a l m o s t  e x a c t l y  o f f ­
s e t  b y  r e d u c e d  c o s t  f o r  s m a l l e r  H V A C  
e q u i p m e n t .  T h u s  t h e  n e t  i m p a c t  o f  t h e s e  
s t a n d a r d s  o n  i n i t i a l  c o s t  i s  n e g l i g i b l e .
S p a c e  h e a t i n g  e n e r g y  s a v i n g s  m u c h  
h i g h e r  t h a n  t h o s e  e s t i m a t e d  w i t h  t h e  
A S H R A E  s t a n d a r d s  f o r  s i n g l e - f a m i l y  
u n i t s  c a n  b e  a c h i e v e d  in  a  c o s t - e f f e c t i v e  
m a n n e r .  F o r  e x a m p l e ,  t h e  A r k a n s a s  
P o w e r  & L i g h t  E n e r g y  S a v i n g  H o m e  
P r o g r a m  (13) s h o w s  t y p i c a l  s p a c e  h e a t ­
i n g  s a v i n g s  r e l a t i v e  t o  c o n v e n t i o n a l  c o n ­
s t r u c t i o n  o f  6 5  p e r c e n t  ( c o m p a r e d  w i t h  
t h e  L i t t l e  e s t i m a t e  o f  11 p e r c e n t  f o r  t h e  
A S H R A E  s t a n d a r d s ) .  B e c a u s e  t h e  
A S H R A E  s t a n d a r d s  a r e  s o  w e a k  f o r  
s i n g l e - f a m i l y  u n i t s ,  t h e  e n e r g y  s a v i n g  i m ­
p a c t s  e s t i m a t e d  h e r e  a r e  m u c h  l o w e r  
t h a n  c o u l d  b e  a c h i e v e d  w i t h  s t a n d a r d s  
t h a t  m i n i m i z e  l i f e - c y c l e  c o s t s  r a t h e r  t h a n  
m a i n t a i n  i n i t i a l  c o s t s .
I n  r u n  10 ,  w e  a s s u m e  t h a t  t h e  
A S H R A E  9 0 - 7 5  s t a n d a r d s  a r e  f u l l y  i m ­
p l e m e n t e d  b y  19 8 0  ( T a b l e  3) ,  u s i n g  t h e  
u n i t  e n e r g y  r e d u c t i o n s  e s t i m a t e d  b y  t h e  
L i t t l e  r e p o r t .  T h e  e n e r g y  i m p a c t s  o f  a p ­
p l y i n g  t h e s e  s t a n d a r d s  t o  a l l  n e w  s i n g l e ­
T ab le  2. C o m parison  o f residential energy  
trends and determ inants.
Item
Average annual growth 
rate (percent)
1950 to- 
1975
1975 to 
2000
Population 1.4 1.0
Households 2.0 1.7
Per capita income 2.3 2.8
Total income 3.7 3.8
Electricity 7.3 3.8
Gas 5.4 1.8
Oil 2.3 0.4
Total residential
fuel use 3.6 2.5
f a m i l y  a n d  m u l t i f a m i l y  c o n s t r u c t i o n  a r e  
s h o w n  in  T a b l e  1. A g g r e g a t e  e n e r g y  s a v ­
i n g s ,  r e l a t i v e  t o  r u n  7 ,  i n c r e a s e  f r o m  0 . 8  
p e r c e n t  in  1 9 8 0  t o  3 . 0  p e r c e n t  in  2 0 0 0 .  
T h e  e n e r g y  s a v i n g s  a r e  s p l i t  r o u g h l y  
5 0  : 5 0  b e t w e e n  s p a c e  h e a t i n g  a n d  a i r  
c o n d i t i o n i n g .
A t  f i r s t  g l a n c e ,  t h e s e  s a v i n g s  a r e  m u c h  
l e s s  t h a n  o n e  w o u l d  e x p e c t  f r o m  a  v i g o r ­
o u s  p r o g r a m  t o  i m p r o v e  t h e r m a l  i n t e g r i ­
t y  o f  n e w  c o n s t r u c t i o n .  I n  p a r t ,  t h e  n a ­
t i o n a l  s a v i n g s  a r e  s m a l l  b e c a u s e  o f  t h e  
s l i g h t  i m p a c t  o n  s i n g l e - f a m i l y  u n i t s ,  
w h i c h  a c c o u n t  f o r  h a l f  o f  n e w '  r e s i d e n t i a l  
c o n s t r u c t i o n  b e t w e e n  19 8 0  a n d  2 0 0 0 .
A l s o ,  c o n v e n t i o n a l  h o u s i n g  u n i t s  l a s t  a  
l o n g  t i m e :  t y p i c a l l y  l e s s  t h a n  1 p e r c e n t  o f  
t h e  e x i s t i n g  s t o c k  o f  o c c u p i e d  h o u s i n g  
u n i t s  is  s c r a p p e d  e a c h  y e a r .  '  ' h e  i n p u t s  
o n  h o u s e h o l d  f o r m a t i o n  a n d  h o u s i n g  
c h o i c e s  u s e d  in  t h e s e  r u n s  y i e l d  a n  a d d i ­
t i o n a l  17 m i l l i o n  s i n g l e - f a m i l y  a n d  11 m i l ­
l i o n  m u l t i f a m i l y  u n i t s  b e t w e e n  1 9 8 0  a n d  
2 0 0 0 .  T h u s ,  o n l y  2 8  p e r c e n t  o f  t h e  n a ­
t i o n ’s s t o c k  o f  o c c u p i e d  h o u s i n g  u n i t s  in  
t h e  y e a r  2 0 0 0  i s  a f f e c t e d  b y  t h e s e  s t a n ­
d a r d s .
A  c o m p l e m e n t a r y  p r o g r a m  t o  a d o p ­
t i o n  o f  n e w  c o n s t r u c t i o n  s t a n d a r d s  i s  t o  
r e t r o f i t  e x i s t i n g  h o u s i n g  u n i t s  wfi th  a d d i ­
t i o n a l  a t t i c  i n s u l a t i o n ,  w e a t h e r s t r i p p i n g  
a n d  c a u l k i n g ,  a n d  s t o r m  w i n d o w s  a n d  
d o o r s .  I n  r u n  11 w e  i m p l e m e n t  a  p r o g r a m  
s o  t h a t  e a c h  y e a r ,  f r o m  1 9 7 6  t o  1 9 8 5 ,  7  
p e r c e n t  o f  t h e  r e m a i n i n g  s t o c k s  o f  s i n g l e ­
f a m i l y  a n d  m u l t i f a m i l y  u n i t s  c o n s t r u c t e d  
b e f o r e  19 7 4  a r e  r e t r o f i t t e d .  T h e  i m p r o v e ­
m e n t s  d u e  t o  t h i s  p r o g r a m  a r e  a s s u m e d  
t o  b e  t h e  s a m e  a s  t h o s e  d u e  t o  a d o p t i o n  
o f  A S H R A E  9 0 - 7 5  o n  n e w  u n i t s .  ( T h e  
c r i t i c i s m  o f  t h e  A S H R A E  s t a n d a r d s  f o r  
s i n g l e - f a m i l y  u n i t s ,  d i s c u s s e d  e a r l i e r  f o r  
n e w '  c o n s t r u c t i o n ,  a p p l i e s  h e r e  f o r  r e t r o ­
f i ts :  t h e  s t a n d a r d s  a r e  m u c h  w e a k e r  t h a n  
c o u l d  b e  a p p l i e d . )
T h i s  r e t r o f i t  p r o g r a m  a f f e c t s  a p p r o x i ­
m a t e l y  2 0  m i l l i o n  s i n g l e - f a m i l y  u n i t s  a n d  
10 m i l l i o n  m u l t i f a m i l y  u n i t s  d u r i n g  t h e
1976  -1 9 8 5  d e c a d e .  I n  1 9 8 5 ,  w h e n  t h e  p r o ­
g r a m  is t e r m i n a t e d ,  m o r e  t h a n  a  t h i r d  o f  
t h e  o c c u p i e d  s t o c k  o f  s i n g l e -  a n d  m u l t i ­
f a m i l y  h o u s i n g  h a s  b e e n  a f f e c t e d  b y  t h e  
p r o g r a m .
A  c o m p a r i s o n  o f  t h e  o u t p u t s  f r o m  r u n s  
7 a n d  11 s h o w ' s  h o w  t h e  e n e r g y  s a v i n g s  
i n c r e a s e  w h i l e  t h e  p r o g r a m  is  in  e f f e c t  
a n d  t h e n  s l o w l y  d e c l i n e  a f t e r  t h e  p r o ­
g r a m  is  t e r m i n a t e d .  T h e  e n e r g y  s a v i n g s  
i n c r e a s e  f r o m  1 .4  p e r c e n t  in  19 7 8  t o  2 .3  
p e r c e n t  in  1 9 8 5 ,  a n d  t h e n  d e c l i n e  s l o w l y  
t o  1 .0  p e r c e n t  in  2 0 0 0  ( T a b l e  1). T h e  
c u m u l a t i v e  e n e r g y  s a v i n g s  f o r  t h i s  p r o ­
g r a m  a r e  n e a r l y  t h e  s a m e  a s  t h o s e  f o r  t h e  
n e w  c o n s t r u c t i o n  s t a n d a r d s .  H o w e v e r ,  
t h e  d y n a m i c s  o f  t h e  t w o  p r o g r a m s  a r e  
'U- q u i t e  o T f f e r e h t .  T h e  r e t r o f i t  p r o g r a m  h a s  
^  l a r g e  s a v i n g s  q u i c k l y ,  b u t  t h e  s a v i n g s  
d e c l i n e  a f t e r  t h e  p r o g r a m  e n d s  a n d  r e t r o ­
f i t t e d  h o u s e s  a r e  s l o w l y  s c r a p p e d .  I m p l e ­
m e n t a t i o n  o f  t h e r m a l  s t a n d a r d s  f o r  n e w  
c o n s t r u c t i o n ,  o n  t h e  o t h e r  h a n d ,  y i e l d s  
o n l y  s m a l l  e n e r g y  s a v i n g s  i n i t i a l l y .  H o w ­
e v e r ,  b y  t h e  y e a r  2 0 0 0 ,  w h e n  a  s i g n i f i ­
c a n t  f r a c t i o n  o f  t h e  s t o c k  o f  h o u s i n g  
u n i t s  h a s  b e e n  a f f e c t e d  b y  t h e  s t a n d a r d s ,  
t h e  e n e r g y  s a v i n g s  a r e  s u b s t a n t i a l .
Equipment and structural improve­
ments. R u n  12 ( T a b l e  1 a n d  F i g .  2) s h o w s  
t h e  i m p a c t s  o f  r a i s i n g  e n e r g y  p r i c e s  o f  
r u n  7 ,  o f  i m p l e m e n t i n g  t h e  e q u i p m e n t  
e f f i c i e n c y  s c h e d u l e  o f  r u n  9 ,  t h e  n e w  
c o n s t r u c t i o n  s t a n d a r d s  o f  r u n  10.  a n d  t h e  
r e t r o f i t  p r o g r a m  o f  r u n  11. I m p l e m e n t i n g  
t h e s e  f o u r  c o n s e r v a t i o n  p r o g r a m s j g d u c -  
e s  e n e r g y  u s e  g r o w - t h  t o  0 . 4  p e r c e n t  p e r  
y e a r . E n e r g y  u s e  in  t h e  y e a r  2 0 0 0  i s  c u t  
23  p e r c e n t  r e l a t i v e  t o  r u n  6 ,  a  s a v i n g s  o f  
5 . 9  x  1 0 ’8 j o u l e s .
I n t e r p r e t a t i o n  o f  R e s u l t s
S e v e r a l  c o m p u t e r  r u n s  h a v e  b e e n  d i s ­
c u s s e d  in  t h i s  a r t i c l e  ( s e e  T a b l e  1). 
G r o w t h  r a t e s  in  r e s i d e n t i a l  e n e r g y  u s e  
b e t w e e n  1975 a n d  2 0 0 0  r a n g e  f r o m  2 .5  
p e r c e n t  p e r  y e a r  ( r u n  1) t o  0 . 4  p e r c e n t  
p e r  y e a r  ( r u n  12); c u m u l a t i v e  e n e r g y  u s e  
f o r  t h e  p e r i o d  1975  t o  2 0 0 0  i s  6 5 0  x  ] 0 18 
j o u l e s  in  r u n  1 a n d  4 7 8  x  1 0 ,R j o u l e s  in  
r u n  12 ( F i g .  2) .
T a b l e  4  s h o w s  t h e  i m p a c t s  o n  e n e r g y  
u s e  o f  t h e  f o u r  s p e c i f i c  c o n s e r v a t i o n  
s t r a t e g i e s  d i s c u s s e d  h e r e — h i g h e r  f u e l  
p r i c e s ,  i m p r o v e m e n t s  in  e f f i c i e n c i e s  f o r  
n e w  r e s i d e n t i a l  e q u i p m e n t ,  a d o p t i o n  o f  
t h e r m a l  s t a n d a r d s  f o r  n e w  c o n s t r u c t i o n ,  
a n d  i m p l e m e n t a t i o n  o f  a  r e t r o f i t  p r o ­
g r a m .
I n c r e a s i n g  f u e l  p r i c e s  f r o m  A n d e r ­
s o n ’s low '-  t o  h i s  h i g h - p r i c e  s e r i e s  ( i n ­
c r e a s e s  in  r e a l  p r i c e s  in  2 0 0 0  o f  10 t o  25 
p e r c e n t )  a c c o u n t s  f o r  2 0  t o  25  p e r c e n t  o f  
t h e  d e c l i n e  in  f u e l  u s e .  T h e  d y n a m i c s  o f
1250 S C IE N C E , VO L. 194
r e s p o n s e  t o  f u e l  p r i c e  c h a n g e s  is f a s t e r  
t h a n  f o r  t h e  o t h e r  m e a s u r e s  c o n s i d e r e d ;  
t h i s  is  s h o w n  b y  t h e  l a r g e r  i m p a c t  o f  f u e l  
p r i c e s  o n  c u m u l a t i v e  e n e r g y  u s e  t h a n  o n  
e n e r g y  u s e  in  t h e  y e a r  2 0 0 0 .  T h i s  i s  s o  
b e c a u s e  m u c h  o f  t h e  e n e r g y  u s e  r e d u c ­
t i o n  in  r e s p o n s e  t o  a  f u e l  p r i c e  i n c r e a s e  
i n v o l v e s  c h a n g e s  in  h o u s e h o l d  s t y l e  ( u s ­
a g e  o f  e x i s t i n g  c a p i t a l  s t o c k s )  a n d  is  
t h e r e f o r e  n o t  l i m i t e d  b y  e q u i p m e n t  l i f e ­
t i m e s .
T h e  p r e s e n t  v e r s i o n  o f  o u r  m o d e l  c a n ­
n o t  b e  u s e d  t o  e v a l u a t e  c h a n g e s  i n  e q u i p ­
m e n t  e f f i c i e n c i e s  o r  s t r u c t u r a l  t h e r m a l  
i n t e g r i t i e s  i n d u c e d  b y  h i g h e r  f u e l  p r i c e s .  
T h e r e f o r e ,  t h e  c o n t r i b u t i o n  o f  h i g h e r  f u e l  
p r i c e s  t o  e n e r g y  c o n s e r v a t i o n  i s  u n d e r ­
s t a t e d  in  T a b l e  4 ;  c o r r e s p o n d i n g l y ,  t h e  
i m p a c t s  o f  e f f i c i e n c y  s t a n d a r d s  a r e  o v e r ­
s t a t e d .
T h e  i m p r o v e m e n t s  in  e q u i p m e n t  e f f i ­
c i e n c i e s  s h o w n  in  T a b l e  3 a r e  r e s p o n ­
s i b l e  f o r  a b o u t  t w o - t h i r d s  o f  t h e  e n e r g y  
r e d u c t i o n  in  2 0 0 0 .  a n d  f o r  a l m o s t  6 0  p e r ­
c e n t  o f  t h e  c u m u l a t i v e  e n e r g y  s a v i n g s .  
I m p l e m e n t a t i o n  o f  t h e  A S H R A E  9 0 - 7 5  
s t a n d a r d s  ( T a b l e  3) a c c o u n t s  f o r  s l i g h t l y  
m o r e  t h a n  10 p e r c e n t  o f  t h e  c u m u l a t i v e  
e n e r g y  s a v i n g s  a n d  t h o s e  o f  t h e  y e a r  2 0 0 0 .  
F o r  b o t h  n e w  e q u i p m e n t  e f f i c i e n c y  s t a n ­
d a r d s  a n d  n e w '  c o n s t r u c t i o n  t h e r m a l  s t a n ­
d a r d s .  e n e r g y  s a v i n g s  i n c r e a s e  o v e r  
t i m e .  T h i s  i s  d u e  t o  t h e  d y n a m i c s  o f  
c a p i t a l  s t o c k  o w n e r s h i p .  I m p r o v e m e n t s  
in  e f f i c i e n c y  o c c u r  s l o w l y  a s  o l d  e q u i p ­
m e n t  a n d  s t r u c t u r e s  a r e  g r a d u a l l y  s c r a p ­
p e d  a n d  r e p l a c e d  w i t h  m o r e  e f f i c i e n t  
u n i t s .
T h e  d y n a m i c s  o f  e n e r g y  s a v i n g s  d u e  t o  
i m p l e m e n t a t i o n  o f  t h e  r e t r o f i t  p r o g r a m  
( r e t r o f i t t i n g  2 0  m i l l i o n  s i n g l e - f a m i l y  a n d  
10 m i l l i o n  m u l t i f a m i l y  u n i t s  b e t w e e n  
19 7 6  a n d  1985)  a r e  j u s t  t h e  o p p o s i t e .  A s  
T a b l e  4 s h o w s ,  t h i s  p r o g r a m  p r o d u c e s  
l a r g e r  s a v i n g s  in  t h e  s h o r t  t e r m  t h a n  in  
t h e  l o n g  t e r m .  E n e r g y  s a v i n g s  p e a k  in  
t h e  e a r l y  1 9 8 0 ' s :  a f t e r  1 9 8 5 .  wffien t h e  
p r o g r a m  is  s t o p p e d ,  t h e  s a v i n g s  g r a d u ­
a l l y  d e c l i n e .  O v e r a l l ,  t h e  r e t r o f i t  p r o g r a m  
a c c o u n t s  f o r  5 t o  10 p e r c e n t  o f  t h e  e n e r g y  
r e d u c t i o n .
T o g e t h e r ,  t h e s e  f o u r  m e a s u r e s  r e d u c e  
e n e r g y  u s e  in  t h e  y e a r  2 0 0 0  b y  23  p e r c e n t  
a n d  c u t  c u m u l a t i v e  e n e r g y  u s e  b y  15 
p e r c e n t .  F u e l  p r i c e  i n c r e a s e s  a n d  n e w  
e q u i p m e n t  e f f i c i e n c y  s t a n d a r d s  a c c o u n t  
f o r  m o s t  o f  t h e s e  s a v i n g s .
C o n c l u s i o n s
A  c o m p r e h e n s i v e  e n g i n e e r i n g - e c o ­
n o m i c  m o d e l  o f  r e s i d e n t i a l  e n e r g y  u s e  
d e v e l o p e d  a t  O R N L  w a s  u s e d  t o  e v a l u ­
a t e  t h e  e n e r g y  i m p a c t s  f r o m  1975  t o  2 0 0 0  
o f  c h a n g e s  in  h o u s e h o l d  f o r m a t i o n ,  h o u s ­
i n g  c h o i c e s ,  p e r  c a p i t a  i n c o m e ,  f u e l  
p r i c e s ,  e q u i p m e n t  e f f i c i e n c i e s ,  a n d  t h e r ­
m a l  i n t e g r i t i e s  o f  n e w '  a n d  e x i s t i n g  r e s i ­
d e n t i a l  b u i l d i n g s .  S e v e r a l  c a s e s  w e r e  r u n  
w i t h  t h e  m o d e l  t o  d e t e r m i n e  t h e  i m p a c t s  
o n  e n e r g y  u s e  o f  e a c h  f a c t o r ,  in  i s o l a t i o n  
a n d  in  c o m b i n a t i o n  w i t h  o t h e r  d e t e r m i ­
n a n t s  o f  f u e l  u s e .
M y  c o n c l u s i o n s  c o n c e r n i n g  f u t u r e  
t r e n d s  in  r e s i d e n t i a l  e n e r g y  u s e ,  b a s e d  
o n  t h e s e  c o m p u t e r  r u n s ,  a r e  a s  f o l l o w s .
1) R e s i d e n t i a l  e n e r g y  u s e  w i l l  g r o w  
m o r e  s l o w l y  d u r i n g  t h e  f o u r t h  q u a r t e r  o f  
t h e  2 0 t h  c e n t u r y  t h a n  it d i d  d u r i n g  t h e  
t h i r d  q u a r t e r .  T h e  h i g h e s t  f o r e c a s t  s h o w ' s  
a  g r o w t h  o f  2 .5  p e r c e n t  p e r  y e a r ,  c o m ­
p a r e d  w i th  a  g r o w t h  o f  3 . 6  p e r c e n t  p e r  y e a r  
f r o m  1 9 5 0  t o  1975  ( F i g .  2) .  T h u s ,  e n e r g y  
u s e  in  t h e  y e a r ^ Q O O ^ is  a l m o s t  c e r t a i n  t o  
b e  l e s s  t h a n  33  x  10 '*  j o u l e s ,  a b o u t  d o u ­
b l e  t h e  1975  v a l u e  o f  r e s i d e n t i a l  e n e r g y  
u s e .  E n e r g y  g r o w t h  w'ill b e  s l o w e r  t h a n  in
t h e  p a s t  b e c a u s e  o f  s l o w e r  g r o w t h  in  p o p u ­
l a t i o n  a n d  h o u s e h o l d  f o r m a t i o n ,  c h a n g e s  
in  f u e l  p r i c e  t r e n d s ,  a n d  n e a r  s a t u r a t i o n  
o f  e q u i p m e n t  o w n e r s h i p  f o r  t h e  m a j o r  
r e s i d e n t i a l  e n e r g y  e n d  u s e s .
2 )  T h e  h i g h  f o r e c a s t  d i s c u s s e d  a b o v e  
i s  n o t  a  l i k e l y  f o r e c a s t  b e c a u s e  it a s ­
s u m e s  t h a t  f u e l  p r i c e s  w i l l  r e m a i n  c o n ­
s t a n t  a t  t h e i r  1975  v a l u e s ,  t h a t  h o u s e h o l d  
f o r m a t i o n  a n d  p e r s o n a l  i n c o m e  w i l l  i n ­
c r e a s e  r a p i d l y ,  a n d  t h a t  t h e  1 9 6 0 - 1 9 7 0  
t r e n d  in  h o u s i n g  c h o i c e s  ( a w a y  f r o m  
s i n g l e - f a m i l y  u n i t s )  w'ill n o t  c o n t i n u e .  A  
m o r e  l i k e l y  f o r e c a s t  i s  o n e  t h a t  a s s u m e s  
s l o w e r  g r o w t h  in  h o u s e h o l d  f o r m a t i o n  
a n d  i n c o m e s ,  r i s i n g  f u e l  p r i c e s ,  a n d  a  
c o n t i n u a t i o n  o f  t h e  1 9 6 0 - 1 9 7 0  t r e n d  in 
h o u s i n g  c h o i c e s .  U n d e r  t h e s e  “ b u s i n e s s -  
a s - u s u a l ”  a s s u m p t i o n s ,  e n e r g y  u s e  g r o w s  
a t  1 .5  p e r c e n t  p e r  y e a r  ( r u n  6 ) ,  r e a c h i n g  
a  l e v e l  o f  2 5  x  1 0 1S j o u l e s  in  2 0 0 0 ,  r o u g h ­
ly  4 5  p e r c e n t  h i g h e r  t h a n  t h e  1 9 7 5  l e v e l
Table 3. Assumed improvements in energy requirements for new equipment and thermal loads 
for new structures (1970 = 1.0). The data are based on those of ASHRAE (6, 7), FEA (72), and 
an ORNL report (2) assumptions.
Item* 1975 1980 1990 2000
Space heating equipment 
Electric 1.0 0.95 0.90 0.85
Gas 1.0 0.80 0.70 0.65
Oil 1.0 0.80 0.70 0.65
Water heating equipment
Electric 1.0 0.89 0.80 0.75
Gas 1.0 0.74 0.66 0.60
Oil 1.0 0.74 0.66 0.60
Refrigerators 1.0 0.68 0.60 0.50
Cooking equipment
Electric 1.0 0.83 0.75 0.70
Gas 1.0 0.67 0.60 0.50
Air-conditioning equipment 1.0 0.80 0.70 0.65
Other equipment 1.0 0.90 0.80 0.75
Single-family units
Space heating 1.0 0.89 0.89 0.89
Air conditioning 1.0 0.70 0.70 0.70
Apartments
Space heating 1.0 0.54 0.54 0.54
Air conditioning 1.0 0.45 0.45 0.45
Trailers
Space heating 1.0 1.0 1.0 1.0
Air conditioning 1.0 1.0 1.0 1.0
"The efficiency changes shown generally have cost, as well as energy efficiency, impacts. Design changes in 
equipment, appliances, and structures to improve energy efficiency will generally increase capital costs. 
These cost impacts are not evaluated here because the present version of our energy model cannot deal expli­
citly with capital costs. It is assumed, implicitly, that the equipment efficiency and thermal performance stan­
dards evaluated in this article are cost-effective.
Table 4. Energy impacts of residential conservation measures. The percentages are based on 
contributions of each factor to energy use reductions achieved in going from run 6 to run 12.
Change in energy use (percent)
Item
2000
Cumulative 
1975 to 2000
Higher fuel prices 18 23
Improved equipment efficiencies 66 57
New construction thermal standards 12 11
Retrofit existing structures 4 9
Overall energy savings (10'* joules) 5.9 85
Overall energy savings as percent of run 6 23 15
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o f  r e s i d e n t i a l  e n e r g y  u s e .  T h i s  f o r e e a s t  
s u g g e s t s  t h a t  e n e r g y  u s e  w i l l  g r o w  a t  
a b o u t  h a l f  i t s  h i s t o r i c a l  r a t e  i f  n o  n e w  
g o v e r n m e n t  p r o g r a m s  a n d  p o l i c i e s  a r e  
i m p l e m e n t e d .
3) I m p l e m e n t a t i o n  o f  e n e r g y  c o n ­
s e r v a t i o n  p r o g r a m s  t o  r a i s e  f u e l  p r i c e s ,  
i n c r e a s e  e f f i c i e n c y  o f  n e w  h o u s e h o l d  
e q u i p m e n t ,  a n d  i m p r o v e  t h e r m a l  i n t e g r i ­
t y  o f  b o t h  n e w  a n d  e x i s t i n g  h o u s i n g  u n i t s  
c a n  h a v e  s i g n i f i c a n t  e n e r g y  i m p a c t s .  A  
v i g o r o u s  c o n s e r v a t i o n  p r o g r a m  ( r u n  12) 
m i g h t  y i e l d  a n  a v e r a g e  a n n u a l  g r o w t h  
r a t e  o f  o n l y  0 . 4  p e r c e n t  b e t w e e n  1975 
a n d  2 0 0 0 ,  w i t h  a n  e n e r g y  u s e  in  2 0 0 0  o n l y  
10 p e r c e n t  h i g h e r  t h a n  19 7 5  e n e r g y  u s e .  
I m p l e m e n t a t i o n  o f  t h e s e  p r o g r a m s  ( r u n  
12) w o u l d  r e d u c e  e n e r g y  u s e  in  2 0 0 0  
f r o m  t h e  b u s i n e s s - a s - u s u a l  c a s e  ( r u n  6) 
b y  a l m o s t  25  p e r c e n t ;  t h e  r e d u c t i o n  r e l a ­
t i v e  t o  t h e  h i g h  c a s e  ( r u n  1) i s  4 0  p e r c e n t .  
T h e s e  c o n s e r v a t i o n  p r o g r a m s  a s s u m e  n o  
c h a n g e s  in  l i f e - s t y l e  o n  t h e  p a r t  o f  
A m e r i c a n  h o u s e h o l d s ;  n o r  d o  t h e y  a s s u m e  
u s e  o f  s o l a r  e n e r g y  f o r  a n y  h o u s e h o l d  
f u n c t i o n s .
4)  I m p l e m e n t a t i o n  o f  a  p r o g r a m  t o  i n ­
c r e a s e  e f f i c i e n c y  o f  r e s i d e n t i a l  e q u i p ­
m e n t  b y  1 9 8 0 ,  a s  s p e c i f i e d  in  t h e  E n e r g y  
P o l i c y  a n d  C o n s e r v a t i o n  A c t ,  c a n  c u t  
e n e r g y  u s e  in  t h e  y e a r  2 0 0 0  b y  a t  l e a s t  10 
p e r c e n t  ( r u n  8 ) .  H o w e v e r ,  a d d i t i o n a l  i m ­
p r o v e m e n t s  a f t e r  1 9 8 0  y i e l d  c o n s i d e r a b l y  
g r e a t e r  s a v i n g s .  R u n  9  a s s u m e s  t h a t  
e q u i p m e n t  e f f i c i e n c i e s  c o n t i n u e  t o  i m ­
p r o v e  a f t e r  1 9 8 0 ,  b u t  a t  a  s l o w e r  r a t e ;  t h e  
e n e r g y  s a v i n g s  in  t h e  y e a r  2 0 0 0  in  r u n  9
a r e  6 0  p e r c e n t  g r e a t e r  t h a n  t h o s e  f r o m  
r u n  8 . T h e s e  r e s u l t s  s u g g e s t  t h e  n e e d  f o r  
a d d i t i o n a l  r e s e a r c h  t o  f u r t h e r  i m p r o v e  
e n e r g y  e f f i c i e n c i e s  o f  h o u s e h o l d  e q u i p ­
m e n t ,  a n d  t h e  n e e d  f o r  p r o g r a m s  t o  e n ­
s u r e  t h a t  m a n u f a c t u r e r s  p r o d u c e  a n d  
c o n s u m e r s  p u r c h a s e  i n c r e a s i n g l y  e f f i ­
c i e n t  h o u s e h o l d  e q u i p m e n t .
5 )  P r o g r a m s  t o  i m p r o v e  t h e r m a l  i n t e g ­
r i t y  o f  r e s i d e n t i a l  s t r u c t u r e s  c a n  a l s o  p r o ­
v i d e  s i g n i f i c a n t  e n e r g y  s a v i n g s  d u r i n g  t h e  
n e x t  25  y e a r s .  H o w e v e r ,  t h e  e s t i m a t e d  
s a v i n g s  ( r u n s  10 a n d  11)  f o r  t h e r m a l  i m ­
p r o v e m e n t  p r o g r a m s  a r e  m u c h  l e s s  t h a n  
f o r  p r o g r a m s  a f f e c t i n g  r e s i d e n t i a l  e q u i p ­
m e n t  a n d  a p p l i a n c e s — o n l y  a b o u t  o n e -  
t h i r d  a s  g r e a t .  T h e  e n e r g y  s a v i n g s  e s t i ­
m a t e d  f o r  t h e s e  A S H R A E - b a s e d  t h e r m a l  
i m p r o v e m e n t  p r o g r a m s  a r e  m u c h  l e s s  
t h a n  c o u l d  b e  a c h i e v e d  f o r  s i n g l e - f a m i l y  
u n i t s .  A  t o u g h ,  b u t  e c o n o m i c a l l y  e f f i ­
c i e n t ,  s e t  o f  t h e r m a l  s t a n d a r d s  f o r  n e w  
a n d  e x i s t i n g  r e s i d e n t i a l  u n i t s  c o u l d  y i e l d  
s a v i n g s  c o m p a r a b l e  t o  t h o s e  f o r  t h e  
e q u i p m e n t  e f f i c i e n c y  p r o g r a m s .  T h e  d i f ­
f e r e n t  d y n a m i c s  o f  r e t r o f i t  a n d  n e w  c o n ­
s t r u c t i o n  p r o g r a m s  s u g g e s t  t h e  d e s i r a b i l i ­
t y  o f  i m p l e m e n t i n g  b o t h .  A  c o m b i n e d  
p r o g r a m  w o u l d  y i e l d  s h o r t - t e r m  s a v i n g s  
d u e  t o  r e t r o f i t s  a n d  l o n g - t e r m  s a v i n g s  
d u e  t o  n e w  c o n s t r u c t i o n  s t a n d a r d s .
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w h e n  will 
o u r  oil 
ru n  d r y ?
T h e  s e r i o u s n e s s  o f ' t h e  e n e r g y  s i t u a t i o n  
i n  t h e  U n i t e d  S t a t e s  h a s  b e e n  l o o k e d  a t  
f r o m  e v e r y  i m a g i n a b l e  s t a n d p o i n t  i n  t h e  
l a s t  f e w  y e a r s .  T h e  m o s t  i m p o r t a n t  
q u e s t i o n ,  h o w e v e r ,  w o u l d  s e e m  t o  b e  
h o w  l o n g  w i l l  U n i t e d  S t a t e s  p e t r o l e u m  
l a s t ;  i n  o t h e r  w o r d s ,  h o w  l o n g  d o e s  t h i s  
c o u n t r y  h a v e  t o  d e v e l o p  a l t e r n a t i v e  
e n e r g y  s u p p l i e s ,  w h e t h e r  t h e y  b e  f r o m  
c o a l ,  u r a n i u m ,  t h e  s u n ,  t h e  w a t e r  o r  t h e  
w i n d .  A t  a  r e c e n t  m e e t i n g  o f  t h e  U n i t e d  
S t a t e s  S e n a t e  C o m m e r c e  C o m m i t t e e ,
s e v e r a l  e x p e r t  w i t n e s s e s  w e r e  a s k e d  t o  
p r o v i d e  i n f o r m a t i o n  o n  t h i s  v e r y  q u e s ­
t i o n .  T h e  f o l l o w i n g  t a b l e s  i n d i c a t e  t h e  
r e s p o n s e  o f  t h e s e  e x p e r t s  t o  v a r i o u s  
e n e r g y  s c e n a r i o s  in  t h e  y e a r s  a h e a d .  ( I n  
t h e  t a b l e s ,  t h e  s o u r c e s  o f  t h e  e s t i m a t e s  
a r e :  T h e  N a t i o n a l  P e t r o l e u m  C o u n c i l ,  
a n  o i l  i n d u s t r y  g r o u p ;  t h e  N a t i o n a l  
A c a d e m y  o f  S c i e n c e ;  M o b i l  O i l  C o r ­
p o r a t i o n ;  a n d  M . K .  H u b b e r t .  a g e o l o g i s t  
n o w  r e t i r e d  f r o m  t h e  U n i t e d  S t a t e s  
G e o l o g i c a l  S u r v e y . )  ■
Estimated Remaining Oil Resources in United States
S o u r c e E s t i m a t e d
U n d i s c o v e r e d  R e s e r v e s  
( B i l l i o n s  o f  b a r r e l s )
T o t a l
R e m a i n i n g
N P C 1 5 4 2 1 7
M o b i l 8 8 151
N A S 1 1 3 1 7 6
H u b b e r t 7 2
A s s u m p t i o n  N u m b e r  O n e :
N o  I n c r e a s e  i n  A n n u a l  C o n s u m p t i o n
1 3 5
N o  I m p o r t s 3 5  P e r  C e n t  
I m p o r t s
Y e a r  o f Y e a r  o f
E x h a u s t i o n E x h a u s t i o n
N P C 2 0 0 9 2 0 2 8
M o b i l 1 9 9 9 2 0 1 2
N A S 2 0 0 3 2 0 1 8
H u b b e r t 1 9 9 6
A s s u m p t i o n  N u m b e r  T w o :
2 . 5  P e r c e n t  I n c r e a s e  in  A n n u a l  C o n s u m p t i o n
2 0 0 8
N o  I m p o r t s 3 5  P e r  C e n t  
I m p o r t s
Y e a r  o f Y e a r  o f
E x h a u s t i o n E x h a u s t i o n
N P C 2 0 0 0 2 0 0 9
M o b i l 1 9 9 4 2 0 0 1
N A S 1 9 9 6 2 0 0 4
H u b b e r t 1 9 9 2
S o u r c e :  S e n a t e  C o m m e r c e  C o m m i t t e e
1 9 9 9
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Figure 5 Plan E (Western AC plan no. 2)
26
PO TENTIAL HYDROELECTRIC POWER PROJECTS
ST. JOHN RIVER BASIN
1. Dickey-Lincoln School Lakes
2. Fish River Falls
3. Castle Hill 
PENOBSCOT RIVER BASIN
4. Grand Pitch
5. Grand Lake Diversion
6. Whetstone Falls
7. Meadow Brook
8. The Arches
9. Sourdnahunk
1 0 .  D e b s c o n e a g
11. Stratton Rips
12. Winn (Five Islands)
13. Mohawk Rapids
14. Bonnie Brook
15. Bangor Diversion
16. Basin Mills 
KENNEBEC RIVER BASIN
17. Moosehead Lake
18. Cold Stream
19. The Forks
2 0 .  P i e r c e  P o n d
21. Grand Falls
22. North Anson
23. Madison
24. Greenleaf
ANDROSCOGGIN RIVER BASIN
25. Aziscohos
26. Errol
27. Mollidgewock
28. Pontook
29. Pulsifer Rips
30. Gilead
31. Dixfield 
SACO RIVER BASIN
32. Grand Falls
33. Steep Falls 
EASTERN COASTAL AREA
34. Ellsworth Falls
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SPEECHES
t With full knowledge of this, we plunge ahead and forecast. This is not a 
lemminglike action. We must plan, we must make decisions today, we must 
take actions, even in the face of a myopic view of the future. No one 
expects a plan or a forecast to last forever or even for very long. It 
is only as good as the data inputs and we should never expect anything more. 
Plans and forecasts are subject to change whenever there is new or better 
information and whenever circumstances change. We simply alter our plans 
and go on, knowing full well that we will have to change then again. The 
important attribute of a well conceived plan is that it does not foreclose 
any reasonable future. It incorporates flexibility to allow for change 
and for adapting to new information and environments as they become apparent
With these thoughts in mind, nuclear forecasts will be presented based cn 
today's knowledge about energy systems, economic trends, public attitudes, 
governmental policies, and the many factors that affect energy demand and 
nuclear power growth.
United States forecast
T..e U.S. Energy Research and Development Administration has submitted two
1/2annual National Plans tor Energy Research, Development and Demonstration 
to the President and the Congress in June 1975 and April 1976. In 
developing the Plan, ERDA concluded that the United States must exploit 
all its energy options in the quest for energy independence. Coal and 
nuclear power will be paramount energy sources in the near-term through
Presented by 
Edward J. Hanrahan
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Introduction
Forecasting the supply and demand of any commodity very far into the future 
is an extremely presumptive activity. Experience has shown us that fore­
casts are almost always wrong, no matter if they are done by elegant and 
elaborate methods or merely by judgment. Energy supply and demand fore­
casting is a good illustration of this phenomenon and nuclear power 
forecasts provide the ultimate example. To paraphrase a most articulate 
British leader, "never has anything been so poorly projected by so many for 
\so long."
\.
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1985, and very important in the mid-term from 1985 to 2000. In the long 
tern, we expect to rely on inexhaustible energy sources such as breeder 
reactors, solar energy and fusion power. Other technologies such as 
geothermal and solar heating and cooling will act as supplements and also 
provide backups in the event of failure or delay in the development of 
the inexhaustible technologies. Conservation including the improvement of 
energy efficiency is most important in using our energy as wisely and 
efficiently as possible, thus reducing demand. The forecasts which follow 
have been developed in the light of these expectations.
The methodology for making these projections for the United States involves 
the use of five analytical models. These economic and energy models have 
been individually developed by different energy modeling groups and have 
been combined into an integrated model set under ERDA's direction. This
paper will not go into the details of the methodology since they have been 
3
described elsewhere. The models are: the Data Resources Incorporated 
Macroeconomic Growth Model, the Hudson-Jorgenson nine-sector econometric 
model of interindustry transactions, the Brookhaven National Laboratory- 
University of Illinois Input-Output Model, the Brookhaven Energy System 
Optimization Model, and the Bechtel Energy Supply Planning Model.
The basic forecasts conducted by ERDA cover the period 1985-2000, aligning 
with projections through 1985 made by the Federal Energy Administration. 
General assumptions adopted for the projections include:
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"1 - The economy continues to grow at normal rates in pursuit systems have been defined which fit with the energy scenarios analyzed
of prosperity; thus far and are expected to be suited to most cases yet to be developed.
World energy prices generally prevail and increase slightly We will call the case which derives from our expected energy forecast the
in real terms; MID Case. The installed electrical generating capacity for this case
and Domestic price regulation and tax policy are selectively grows from the current 500 GWe to 725 GWe in 1985 and 1400 GWe in 2000.
used, but market controlled values are not greatly different HIGH and LOW Case electric utility systems have also been formulated to
from postulated market clearing values. be coupled with appropriate energy forecasts. Table 1 shows the three
Energy conservation measures are incorporated into the forecasts but not
utility systems described.
to the extent that these measures would cause significant changes in life- TABLE 1
styles. New technologies must compete with existing technologies based on U.S. ELECTRIC UTILITY SYSTEM 
1976 Forecast
projected costs and efficiencies of processes; large subsidy programs are (Gigawatts Electric)
not used to bring new technologies into the market place. Rates of imple- LOW Case MID Case HIGH Case
mentation of both supply and conservation technologies are judgmentally 1975 500 500 500
assessed based on analysis of historic technological penetration rates and 1985 715 725 740
any special physical constraints on gearing up industrial activity. 2000 1200 1400 1600
Adjustments are made to account for recent legislation that mandate certain In the past, at least until the latest economic recession, electricity
energy saving activities and to provide for specific energy form choices, production grew at an average annual growth rate of about 7 percent; the
such as electric energy to space heat and process heat, which seem to be annual growth rate was lower in recession years and higher in expansion
made on grounds other than least cost. years. The fraction of total energy Inputs going to the production of 
electricity has been increasing over the years; in 1975, the production
The macroeconomic projections, using inputs such as population growth, of electricity consumed about 29 percent of total energy inputs. A.- with
labor productivity, relative prices of capital and labor, and government total energy, electricity is expected to grow more slowly in the future
expenditures, yield a real growth rate in Gif? of 3.5 percent for the than in the past particularly as some markets become saturated and
basic energy forecast cases in the 1985-2000 period. The components of adjustments are made in response to expected real price increases. Our
GNP are further disaggregated by the inter-industry model to provide a set MID Case shows an average annual growth rate of 5.2 percent between 1-975
of economic activity values that consume energy. Based on technological and 1985 and of 4.5 percent between 1985 and 2000. Electricity production
coefficients of energy use to satisfy activity requirements, a set of in 2000 is expected to consume about 44 percent of total energy inputs.
final and end- use demands for energy is generated. The energy patterns
The nuclear power contribution to the electric utility system is dependent
to provide the end-use requirements are determined by a resource allocation
on several factors among which are the economic competitiveness of nuclear
program with the aid of a Reference Energy System network diagram.
power with fossil fuels, the emergence of new technologies, the closing of
The results of this analysis indicate that total energv inputs grow for the the nuclear fuel cycle, and public attitudes. The nuclear power forecast
15 15dost probablt. energy future from 71 x 10 3tu in 1975 to 9/ x 10 Btu in through 1985 is based on an evaluation of plants in operation, under con-
:1985 and 141 x 10^ 3tu in 2000. This represents an annual average growth struction or announced. Variations in the forecasts for this period are
rate of about 3.1 percent through 1985 and 2.7 percent from 1985-2000. caused by applying different degrees of optimism in estimating completion
This total energy growth rate is significantly lower than the 3.7 percent dates for plants under construction, tor the period after 1985, each case
average annual growth rate from post-World War 11 through the 1973 oil takes on its own character driven by specific economic, energy, and
embargo. Higher or lower energy futures are also postulated from different electricity growth assumptions.
sets of economic and fuel price assumptions and different success rates for
The MID Case reflects assumptions that nuclear power remains economically
energy research, development and demonstration programs including con-
competitive in many regions of the country, but that new technologies are
servacion programs.
implemented and conservation measures are successful. The LOW Case is
The forecast output cost pertinent to this paper is the amount of final based on the assumption that the nuclear fuel cycle is not closed thus
demand upon the electrical sector. This is where nuclear power is reducing the attractiveness of the nuclear option. The HIGH Case will
expected to contribute in the foreseeable future. Three electric utility be coupled with energy forecasts having higher economic growth rates, 
hence larger total energy and electrical energy requirements. Table 2 
gives the installed nuclear capacity associated with these three cases.
.S. INSTALLED NUCLEAR CAPACITY 
1976 Forecast 
(Gigawatts Electric)
LOW Case MID Case HIGH Case
1975 39 39 39
1980 60 67 71
1985 127 145 166
1990 195 250 290
2000 380 510 620
Reactor Mix
The installed nuclear capacities just derived are assigned to the various
reactor types using informed estimates of the likely penetration of each i
reactor type. Fast breeder reactors are assumed to begin commercial.
yv
operation in the United States in 1995. High temperature gas-cooled 
reactors (HIGP's), for which all outstanding orders have been cancelled, 
are assumed to re-enter the market in the mid 1990's. The remainder of 
the plants are light water reactors (LWR) which dominate the reactor mix 
throughout this century. Figure 1 shows this mix for the MID Case.
1973 1980 1983 1990 1995 2000
Capacity factors for nuclear plants have not measured up to what utilities 
expected when they ordered nuclear plants or when they originally contracted 
for enriching services. Many utilities did their planning on the basis of 
an 80 percent or higher capacity factor. Our projections assume that nuclear 
plants operate at 70 percent capacity factor under equlibrium conditions. Pr^ 
equilibrium operation involves a short period at 40 percent capacity factor 
and two years at 65 percent. ft is assumed that the capacity factor for 
each plant declines two percentage points per year after the fifteenth year 
of operation to a minimum of 40 percent. Plants are retired after 40 years.
Fuel reprocessing projects have been lagging in the United States and are 
currently awaiting policy decisions relating to plutonium and waste handling 
matters. The Allied-General Nuclear Services Fuel recovery plant (1500 metri 
tons per year) is essentially complete but operation must await the resolution 
of these policy issues and construction of the required follow-on facilities.
The uncertainties in resolving these issues, particularly the sociological 
aspects, make it prudent to consider two scenarios with regard to reprocessing 
of spent nuclear fuel to describe the possible boundaries:
Mode 1 - The Allied-General plant is completed and regulatory issues 
resolved so that operation begins during 1981 followed by routine 
operation at 1500 metric tons per year beginning in 1982. Recovered 
uranium and plutonium are recycled to LWRs soon after reprocessing 
unless the plutonium is required by the breeder program.
Additional 1500 MT/year plants are available in 1985, 1988 and as 
required after 1990.
Mode 2 - Recycle of plutonium in LWRs is deferred indefinitely. The 
Allied-General plant is put into operation in a pilot plant mode during 
1985 and operates at 1000 MT/year beginning in 1986. The nominal 
quantities of recovered uranium are recycled in LWRs but plutonium is 
utilized only in breeders. To provide the plutonium required by 
breeders, additional 1500 MT/year reprocessing plants must be added
Other Constraints
Before the nuclear electrical generating capacity can be used to derive 
uranium requirements we must quantify a few more items, such as:
1. Reactor characteristics
2. Capacity factor
3. Spent fuel reprocessing
4. Plutonium recycle
5. Enrichment plant tails assay.
Reactor characteristics have changed little in recent years and are essentially 
the same as in previous forecasts.^ Some additional time is allowed between 
uranium procurement and fuel use to recognize utility conservatism by having 
fuel on hand veil ahead of possible need.
in 1997 and 2000.
These scenarios, of course, have different impacts on the storage requirements 
for spent fuel. The maximum storage requirement under Mode 1 for the MID Cs 
occurs about 1990 at 14p00 metric tons of spent fuel. For Mode 2 storage 
requirements for this case increase monotonically reaching 100 ,000 metric 
tons in 2000. Table 3 provides spent fuel storage data.
TABLE 3
SPENT NUCLEAR FUEL STORAGE 
MID Case 1976 Forecast
(Metric Tons of Heavy Metal)
Mode 1 Mode 2
1980 7,000 7,000
1935 11,000 18,000
1990 14,000 35,000
2000 5,000 100 ,000
1
Plutonium recycle to LWRs begins in 1983 under Mode 1 which assumes that 
regulatory and licensing problems are resolved. As indicated earlier, breeders 
are given priority over LWRs in the allocation of plutonium. Conversely,
Mode 2 assumes at. indefinite delay in plutonium recycle as stated earlier.
Enrichment plant tails assay is a major determinant of the amount of 
uranium and enrichment services required to supply a given demand for
enriched uranium fuel. Uranium requirements are 20 percent greater if the
235enrichment plants operate at a 0.30 percent U tails assay than if 0.20 
percent is used. The opposite is true for separative work requirements 
where 20 percent less is needed when the enrichment plant is operated at
0.30 percent tails as compared to 0.20 percent.
It is possible to calculate the optimum tails assay (the optimum yields the
lowest cost enriched uranium fuel) as a function of uranium oxide price,
separative work price and the cost of conversion to UF,. However, theseo
prices are subject to variation in response to market forces. Moreover, 
it is necessary to enter into long-term contracts for enriching services 
which may not allow the customer to choose the tails assay. Our calculations 
provide data at several tails assays to permit the evaluation of a variety 
of strategies for planning this important part of the fuel cycle. Multiple 
tails assays also provide the opportunity for sensitivity analysis.
United States Uranium Requirements
Uranium requirements are calculated for the cases described by the Installed 
nuclear capacity schedules shown in Table 1 with the various constraints 
on fuel reprocessing and plutonium recycle. The LOW Case is part of a scenario 
that presumes that the fuel cycle is not closed and uranium requirements for 
this case, shown in Table 4, include no credit for spent uranium or plutonium. 
Uranium requirements for the MID Case are shown in Tables 5 and 5A and 
the HIGH Case in Tables 6 and 6A. These tables provide uranium requirements 
data under the standard recycle conditions of Mode 1 and for the situation 
where limited quantities of uranium and no plutonium are recycled in LWRs 
(Mode 2).
The range of values for uranium requirements for the U. S. at 0.20 percent
tails assay is 29,000 to 42,000 STU,0o in 1985 and 65,000 to 86,000 STU.O.J o Jo
in 2000. Cumulated requirements (from 1976) range from 190,000 to
250,000 STU-0„ in 1985 and 925,000 to 1.36 million STL',0, in 2000. Exoected 3 8 j 3
values for the MID Case are 31,000 STL'^ Og in 1985 with 200,000 cumulated 
and 65,000 STUgOg for 2QC0 with cumulated uranium requirements of 925,000 
again for 0.20 percent tails assay and under Mode 1 reprocessing assumptions. 
Tables 4, 5, 5A, 6 and 6A include additional data for other time periods, 
other tails assays and two reprocessing scenarios. Complete annual data
TABLE 4
US LOW CASE URANIUM REQUIREMENTS
1976 Forecast
(Thousands of Short Tons of U3°8)
0 .2 0 Z Tails 0.25% Tails oo Tails
Ann. Cum. Ann. Cum. Ann. Cum.
1976 10 10 11 11 12 12
1980 17 65 18 71 20 78
1985 29 190 32 205 35 225
1990 43 375 47 410 52 450
2000 74 985 81 1070 89 1175
NOTE: No Recycle of Uranium or Plutonium 
TABLE 5
US MID CASE URANIUM REQUIREMENTS 
1976 Forecast - Mode 1 
(Thousands of Short Tons of U^Og)
0.207. Tails 0.2571 Tails 0.307! Tails
Ann. Cum. Ann. Cum. Ann. Cum.
1976 11 11 12 12 13 13
1980 19 73 20 79 22 87
1985 31 200 34 220 37 240
1990 41 390 45 430 50 475
2000 65 925 71 1015 80 1130
Mode 1: Uranium and Plutonium Recycled on a Constrained
TABLE 5A
US MID CASE URANIUM REQUIREMENTS 
1976 Forecas - Mode 2 
(Thousands of Short Tons of Ug0g^
NOo Tails 0.257! Tails 0.30% Tails
Ann. Cum. Ann. Cum. Ann. Cum.
1976 11 11 12 12 13 13
1980 19 73 20 79 22 87
1985 36 220 39 240 43 260
1990 55 455 60 495 66 545
2000 82 1195 90 1300 99 1435
Mode 2: Limited Uranium Recycle, Plutonium not Recycled in LWRs
can be provided on request.
TABLE 6
US HIGH CASE URANIUM REQUIREMENTS 
1976 Forecast - Mode 1
(Thousands of Short Tons of U,0Q) J O
0.20* Tails 0.25Z Tails 0.30* Tails
Ann. Cum. Ann. Cum. Ann. Cum.
1976 12 12 13 13 14 14
1980 22 80 24 87 26 95
1985 36 230 40 250 44 275
1990 51 460 56 500 62 555
2000 74 1130 82 1240 92 1380
Mode 1: Uranium and Plutonium Recycled on a Constrained Basis 
TABLE 6A
US HIGH CASE URANIUM REQUIREMENTS
1976 Forecast ■- Mode 2
(Thousands of Short Tons of U3°8)
0.202 Tails 0.25* Tails 0.302 Tails
Ann., Cum. Ann. Cum. Ann. Cum.
1976 12 12 13 13 14 14
1980 22 80 24 87 26 95
1985 42 250 45 270 50 295
1990 65 520 71 570 78 625
2000 86 1360 94 1480 105 1635
Mode 2: Limited Uranium Recycle, Plutonium not Recycled
It is important to note that the uranium requirements presented here provide 
for delivery of uranium on a real-time basis with normal procurement lead 
times. Any delays in bringing reactors on line also delays the uranium 
requirement, contracts notwithstanding. Furthermore, no allowance is'made 
for uranium inventory build-up at any point in the fuel cycle.
Figures 2 and 3 are graphical presentations of the annual and cumulative 
uranium requirements for the MID Case under Mode 1. Similarly Figures 2A 
and 3A provide these data for the MID Case under Mode 2 reprocessing of 
spent fuel.
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'Hgure 4 shows the effect of the various recycle assumptions on cumulative 
ranium requirements for the MID case and 0.20 tails assay. The difference 
between curves illustrates the sensitivity of uranium requirements to 
le various recycle options.
.ompared to the case where spent fuel is reprocessed and recycled with­
out constraints, Figure 4 shows that:
- If uranium and plutonium are recycled on a Mode 1 basis with 
no excessive spent fuel backlog in the year 2000, there is no 
significant effect on cumulative uranium demand. However, 
during the 1980's and early 1990's interim uranium demands are 
up by 10-20 percent.
- If only uranium is recycled and reprocessing proceeds as in Mode 1, 
about 13 percent more uranium is needed.
- With no reprocessing, 1/3 more uranium is required.
Conclusions
The forecasts presented here indicate that nuclear power should be a very 
significant contributor to the U. S. energy supply. The growth of this 
industry will be large, of the order of 11 percent annually. A sustained 
growth rate of this magnitude over a 25 year period will be an unusual ■ 
phenomenon which has rarely been achieved before. If this growth comes 
to pass, the availability of fuel will be the major .concern. Failure 
to close the fuel cycle, or significant delay in doing so, will aggravate 
the uranium supply problem. Unrecovered spent fuel values must be replaced 
by additional uranium. Without reprocessing uranium requirements through 
2000 will increase by 25-30 percent. The information we have today indicates 
that there is a good possibility that uranium will be available at reasonable 
prices. But this can hardly be taken for granted; a great deal of work will 
need to be done and large investments made to insure that adequate uranium 
supplies will be available when needed. In summary, the nuclear industries have 
a very difficult task ahead in achieving the potential of nuclear power.
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APPENDIX TO CHAPTER

A NEW ENGLAND ENERGY POLICY
New England recognizes that the national goal of energy independence is 
aimed at ensuring stable, long-term supplies of fuel at reasonable prices to 
meet a level of energy growth consistent with long-term economic, social, 
and environmental goals. New England has a strong interest in that goal 
because it has the greatest vulnerability to international oil price and supply 
manipulation. Continued heavy reliance upon imported oil with its consequent, 
disproportionate regional energy cost will further undermine the economic 
base of this region and, therefore, cannot be borne.
Therefore, the region of New England is prepared to commit itself to the 
development of a more nearly balanced mix of energy production capabilities, 
including nuclear power facilities, hydroelectric and other indigenous resources, 
domestic oil and gas resources, and the use of coal and other alternative 
fuels. To that end it has established fuel-use goals to be achieved during 
the next decade to reflect that balance and to reduce the region's dependence 
upon oil by one fifth.
In this effort the states of New England are well aware of the necessity to 
coordinate various technological and institutional aspects of energy resource 
development within their region and to join that development to the national 
framework.
I - 1
1. This coordination has already gained momentum through state 
participation in energy-related activities at the New England 
Regional Commission.
2. This coordination has been communicated to the national level 
by means of joint meetings between representatives of the 
Federal Energy Administration and of the states and the New 
England Regional Commission.
3. We emphasize that successful communications of this sort are 
essential to the creation of a regional energy implementation 
plan which enhances the capabilities of the states to contri­
bute to a regional and national energy framework, while 
increasing the responsiveness of the nation to those particular 
needs of the region for sound economic development.
4. Continuation of this effort, to which the region is committed, 
should result in a deliberate, realistic regional energy policy.
Recognizing the need for immediate and intermediate steps, the New England
Region is prepared to deal with the following areas :
1. conservation;
2. nuclear energy;
3. outer continental shelf development; 
coal conversion;
5. hydroelectric and other indigenous resource development; and
6. alternative energy sources—research and development.
Conservation
The New England Region, of all the regions within the United States, has 
attained an unequaled record of energy conservation. It has recorded a 20% 
conservation effort in stark contrast to a 5% conservation effort recorded 
in the remainder of the nation.
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1. The region is committed to a continued effort of conservation 
in a systematic and concerted manner and on a regional basis.
2. The establishment of strong quantitative goals and a com­
prehensive implementation plan commensurate with respective 
state capabilities will have the highest immediate priority 
within our region.
Nuclear Energy
The existing base of nuclear generating capacity in New England is far in 
excess of any other region within the United States. However, the region 
recognizes the role of additional nuclear capacity in meeting future require­
ments, mindful of the continuing need for the pursuit of plans for disposition 
of nuclear wastes.
1. To this end, the region will participate in concert and in equal 
partnership with the Nuclear Regulatory Commission regarding 
the evaluation and siting of nuclear facilities.
2. The region will work for the establishment and creation of a 
regional institution which will plan the implementation
of power generation jointly with private and/or public utilities 
dependent on the system in the individual states.
3. The region will work as an equal partner with the Nuclear 
Regulatory Commission in regulatory and licensing procedures 
to ensure expeditious and safe handling of radioactive materials 
and wastes and mutually satisfactory construction and operation 
practices.
PCS Development
Inasmuch as the Federal Government has recognized the need for a national 
policy with regard to Outer Continental Shelf as a potential site of energy 
resources, including both natural gas and oil, the New England region stands 
ready to participate fully with the Federal Government in that endeavor, 
and in the pursuit of regulations and guidelines to protect the coastal shore line.
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The proximity of the New England region to Canada emphasizes the desirability 
of a close working relationship in the development of the Outer Continental 
Shelf.
The New England region has the capabilities to :
1. Provide sites for refineries and other facilities so that the 
potential resources of the Outer Continental Shelf can be 
processed economically to meet both the regional and 
national needs for energy resources; and
2. Review the development of facilities to accommodate OCS 
service and support industries.
Coal Conversion
Recognizing the overall dependence upon imported oil for the generation 
of electric energy by the utilities within the New England Region, the Region 
affirms its position :
1. To convert existing oil-fired facilities to coal within 
a time frame adequate to guarantee implementation 
that is economically feasible.
2. To review and agressively pursue the economic viability of 
new fossil-fuel energy production facilities with the private 
sector; and
3. To cooperate with the Federal Government in resolving coal 
transportation problems caused by the incapacity of the 
northeastern railroad network.
Hydroelectric, Solid Waste, and Other Indigenous Resource Development 
Recognizing the imperative of pursuing all possible sources of energy, the 
New England Region affirms its position :
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1. To support the expeditious implementation of feasible 
hydroelectric, including tidal projects;
2. To support the use of wood for power generation, where 
feasible; and
3. To continue the discussions and negotiations concerning the 
purchase of surplus energy from the Eastern Canadian 
Provinces as it is developed.
4. Recognizing the potential value of energy recovery from solid 
waste, New England will undertake to develop facilities for 
solid waste recovery and conversion to energy.
Alternative Energy Sources—Research and Development 
Recognizing the immense resources available within the New England region 
in terms of technical competence in research and development, financial 
institutions, and creativity, the New England region affirms its intent to 
pursue the research capability and development technology for solar and 
other alternative energy resources. To this end New England will:
1. Establish, within our institutions of higher learning,
a priority for the development and marketing of alternative 
replenishable energy sources, e.g., solar, wind, and wood 
for practical and widespread consumption;
2. Encourage and marshal venture capital in the private 
sector for the marketing of alternative energy resources; 
and
3. Provide tax and financial incentives for utilizing solar and other 
alternative forms of energy.
Economic Implications
The New England Region recognizes the regional and national imperatives 
which address the issues of its economic viability and its land use patterns,
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as well as its quality of life. The Region further recognizes that its declaration 
of principles cannot be achieved without the full cooperation of the national 
government. As individual states, as the regional entity of New England, 
and as part of our nation's Federal system, we recognize the different roles 
we must play and the different stewardships we must discharge.
However, the changes in fuel consumption implied by the previously described 
targets will themselves generate large capital costs throughout the region.
The funds necessary to finance these changes have historically and are currently 
diverted to high fuel costs. Therefore, only some short-term relief from 
high energy prices will make possible the capital formation necessary to achieve 
those energy-use targets.
The commonality of energy as a fundamental base of our society, be it the 
State, the Region, or the Nation, is inescapable. The responsibilities which 
we hold separately as well as collectively require action in concert as well 
as in variation within a central theme. To address the energy issue jointly, 
to act collectively in the pursuit of its solution—this is the affirmation of 
the New England Region.
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A Lag is Reported in Energy Research 
N.Y. Times (7/7/76)
Private corporations are not fully using their research, manufacturing 
and marketing expertise to develop alternative sources of energy and instead 
are relying on the government for leadership in energy development, according 
to a study made by a nonprofit organization.
The study, a three-year project costing $70,000 was completed by Inform, 
with about a third of the financing provided by the Federal Energy Research 
and Development Administration.
"The most startling fact which Inform discovered is that, even though 
industry will eventually research, manufacture and market alternative systems, 
industry, for the present, is not the prime mover in energy development," the 
study found.
"In general, corporations work on technologies best suited to their short­
term interests. They do not research and develop energy technologies to 
solve national problems. They are mainly interested in preserving and extending 
the market for their products, which are often in competition with other energy 
technologies."
Joanna Underwood, director of Inform, said 142 corporations with interests 
in various aspects of energy development had been surveyed, along with various 
government agencies and special interest groups. The 800-page study is believed 
to be the most extensive examination of alternative energy resources yet 
compiled.
New York Times
SURVEY FINDS COMPANIES 
HINDERED IN ENERGY PLANS
By Bayard Webster
More than 140 American corporations are working to develop practical 
new ways of tapping the energy of the sun, fossil and nuclear fuels, the 
earth’s heat and trash and industrial wastes, but are hindered by several 
obstacles, a three-year study of the energy industry has disclosed.
Chief among these hindrances, the study found, are a lack of Federal 
funds for research, the absence of tax incentives to encourage the manufacture 
and purchase of innovative energy devices and the reluctance of industry to 
underwrite production costs.
The $70,000 study was undertaken by Inform a nonprofit industrial and 
environmental research organization based in New York. It was financed by the United 
States Energy Research and Development Administration and private foundations.
The 800-page report is believed to be the most comprehensive examination of 
alternative energy resources yet compiled.
The Inform researchers, Stewart W. Herman, James S. Cannon and 
Alfred J. Malefatto, found in their surveys of 142 corporations, ranging from 
major oil producers to four-man engineering concerns, that 207 major energy 
research projects were under way in 17 different technologies.
Projects are Listed
These alternative energy projects include direct solar heating and cooling, 
solar cells, ocean thermal electric conversion, wind generators, nuclear fusion, 
hydrogen production, trash conversion, geothermal energy, shale oil production, 
coal liquefication, fuel cells and nuclear breeder reactors.
Although the 17 types of innovative energy systems are perhaps a decade 
away from making even a slight dent in the nation's energy budget, they 
would eventually make a significant contribution, according to the authors 
of the study, which was made public last week.
"According to the corporations interviewed, all but one, nuclear fusion, 
of the 17 technological alternatives would be commercially available within 
20 years." Mr. Herman said in a statement. "But with a few exceptions, corpora­
tions are waiting for the Government to take the lead in deciding whether and 
how to pursue them."
The authors of the study reported that although industry was researching 
and would eventually manufacture and market, alternative energy systems, the 
corporations involved were not the prime movers in energy development.
Most corporations were found reluctant to invest large sums in long-range 
development and devoted most of their work to technologies best suited to 
their short-term interests.
According to the survey, in five of the least advanced fields - solar 
power plants, wind generators, ocean thermal power plants, nuclear fusion and the 
use of industrial waste heat - almost all corporate research is dependent on 
Federal funds.
But most of that research money is going into systems that obtain their 
energy from depletable resources-coal and uranium-the report said.
"The environmental consequences of developing these technologies will be 
enormous." Mr. Herman said. Strip mining of coal will disrupt the land and 
the breeder reactor will produce quantities of extremely toxic radioactive 
wastes, he said.
The Inform survey stressed that some alternative energy technologies were 
already available, but not widely used because they required high initial 
capital investment, were marginally economical and were unfamiliar to many 
individuals or businesses that could use them profitably on a long-term basis.
The report said that dozens of companies around the country had ventured 
into producing the necessary hardware for solar heating and cooling systems, 
but that such equipment had been installed on only 200 buildings.
Two companies were found ready to install machinery that can turn waste 
heat into electricity at industrial plants, but have done no business yet 
with American concerns. Thirteen companies produce, design or build 
trash-to-energy systems, processing ordinary garbage into electricity or oil or 
gas. They have found buyers in several dozen cities, but the systems could 
be used in many more.
Mr. Herman said that decisions that Federal agencies made in the next 
few years would be critical and "will go a long way toward determining whether 
in the next 10 to 20 years we’ll be living in a world with a variety of energy 
sources or in one that is narrowly based on depletable fossil and nuclear 
fuels."
Table 2
CAPITAL COSTS FOR TEN CLEAN WAYS TO BURN COAL
Heat Rate 
(B tu /kW h)
Base 
Cost 
( $ / k W )  .
Contingency
( % )
Total
Uncertainty C ost' 
( % )  ( $ / k W )
Conventional Steam Plants
Low-sulfur coal 9,000 290 +  10 ± 1 0 375-460
High-sulfur coal with 
alkali scrubbing
9,500 (  PP: 290 l  SR: 50 
340
+  10 
+  20
± 1 0
± 2 0 485-625
High-sulfur coal with 
regenerative scrubbing 10,000
( PP: 290 
ISR: 150 
440
+  10 
+  20
± 1 0 )
± 2 0 / 575-740
Atmospheric fluidized-bed 
combustion
9,500 PP: 340 +  20 +  25, - 1 5 450-665
Solvent-refined coal 9,000 
BC:°10,000
PP: 290 + 15 ± 1 5 375-500
Petroleum-type fuel 9,000 
BC: 13,400
PP: 190 +  10 ± 1 0 250-300
Low-Btu gas, moving-bed,
dry ash Lurgi
process
BC: 13,600 jf PP: 190 I SR: 390 
[ 580
+  10
+  20
± 1 0
± 1 5 760-1,000
Medium-Btu gas, slagging 
moving-bed process BC: 11,300 l
f PP: 190 
ISR. 255 
445
+  10 
+  20
± 1 0  ]
+  25, — 1 5 J 585-800
Low-Btu gas, 
atmospheric, two-stage 
entrained process
BC: 10,600 |
fPP: 190 
SR: 210 
, 400
+  10
+  20
± 1 0
+  25, - 1 5 | 525-710
Medium-Btu gas, 
pressurized, two-stage 
entrained process
BC: 9,800 j
'PP. 190 
SR: 155 
345
+  10 
+  20
± 1 0
+  25, - 1 5 | 490 -600
Combined-Cycle Plants
Petroleum-type
fuel
7,500 
BC: 11,200
PP: 160 +  15 ± 1 5 185-250
Low-Btu gas, moving-bed,
dry ash Lurgi
process
7,500 
BC: 9,500
PP: 160 
SR: 335 
495
+  15 
+  20
± 1 5 '| 
± 1 5  l 650 -875
Medium-Btu gas, 
slagging moving-bed 
process
7,500 
BC: 9,100
PP: 160 
SR: 215 
375
+  15 
+  20
± 1 5  ^
+  25, - 1 5  I[ 490-695
Low-Btu gas, 
atmospheric, two-stage 
entrained process
7,500 
BC: 8,400
PP: 175 
S R :180
355
+  15 
+  20
± 1 5  1
+  25, - 1 5  1► 460-650
Medium-Btu gas, 
pressurized, two-stage 
entrained process
7,500 
BC: 8,150
PP: 160 
SR: 130 
290
+  15 
+  20
± 1 5  -i 
+  25, - 1 5 1 , 375 -530
Includes IDC and siartup at 30% (except 22%  for combined-cycle petroleum-type fuel plant). 
PP = power plant.
SR  = sulfur removal system.
BC = basis coal (coal conversion and power generation).
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Figure 1 The ranges of busbar power cost for coal fuel technologies are most easily compared in groups; four options for 
direct coal firing,two liquefaction processes, and four gasification processes. In each group, the present _or most nearly 
developed—option is at the left. Thus, among the direct-firing options, each results in successively more costly power than 
power from low-sulfur coal without controls. Among the gasification processes, however, the more advanced—and at the 
moment, more uncertain—versions produce markedly cheaper power.
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MThis article, by Amory Lovins, oilers some interesting perspectives 
on alternative energy strategies, and is being reproduced here for 
the interested reader, The Office of Energy Resources does not 
necessarily subscribe to or endorse all of the concepts contained 
herein. However, this particular article is receiving widespread 
notice as an articulate presentation of a particular point of view."
ENERGY STRATEGY:
THE ROAD NOT TAKEN?
B y  A m o r y  B .  L o v i n s
T w o  r o a d s  d i v e r g e d  i n  a  w o o d ,  a n d  I —  
I  t o o k  t h e  o n e  l e s s  t r a v e l e d  b y ,
A n d  t h a t  h a s  m a d e  a l l  t h e  d i f f e r e n c e .
— R o b e r t  F r o s t
W H E R E  are America’s formal or de facto energy 
policies leading us? Where might we choose to go 
instead? How can we find out?
Addressing these questions can reveal deeper ques­
tions— and a few answers—that are easy to grasp, yet 
rich in insight and in international relevance. This 
paper w ill seek to explore such basic concepts in 
energy strategy by outlining and contrasting two en- 
ergy paths that the United States might follow over 
the next 50 years— long enough for the full implications of change 
to start to emerge. The first path resembles present federal policy and 
is essentially an extrapolation of the recent past. It relies on rapid 
expansion of centralized high technologies to increase supplies of 
energy, especially in the form of electricity. The second path com­
bines a prompt and serious commitment to efficient use of energy, 
rapid development of renewable energy sources matched in scale and 
in energy quality to end-use needs, and special transitional fossil-fuel 
technologies. This path, a whole greater than the sum of its parts, di­
verges radically from incremental past practices to pursue long-term 
goals.
Both paths, as will be argued, present difficult—but very different 
— problems. The first path is convincingly familiar, but the economic 
and sociopolitical problems lying ahead loom large, and eventually, 
perhaps, insuperable. The second path, though it represents a shift 
in direction, offers many social, economic and geopolitical advantages, 
including virtual elimination of nuclear proliferation from the 
world. It is important to recognize that the two paths are mutually 
exclusive. Because commitments to the first mav foreclose the second,
Amory B. Lovins, a consultant physicist, is British Representative of Friends 
of the Earth, Inc. His latest books are W o r ld  E n e r g y  S t r a te g i e s :  F a c t s ,  I s su e s ,  a n d  
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we must soon choose one or the other— before failure to stop nuclear 
proliferation has foreclosed both.1
II
Most official proposals for future U.S. energy policy embody the 
twin goals of sustaining growth in energy consumption (assumed to 
be closely and causally linked to GNP and to social welfare) and of 
minimizing oil imports. The usual proposed solution is rapid ex­
pansion of three sectors: coal (mainly strip-mined, then made into 
electricity and synthetic fluid fuels) ; oil and gas (increasingly from 
Arctic and offshore wells) ; and nuclear fission (eventually in fast 
breeder reactors). A ll domestic resources, even naval oil reserves, 
are squeezed hard— in a policy which David Brower calls “Strength 
Through Exhaustion.” Conservation, usually induced by price rather 
than by policy, is conceded to be necessary but it is given a priority 
more rhetorical than real. “Unconventional” energy supply is rele­
gated to a minor role, its significant contribution postponed until past 
2000. Emphasis is overwhelmingly on the short term. Long-term sus­
tainability is vaguely assumed to be ensured by some eventual com­
bination of fission breeders, fusion breeders, and solar electricity. 
Meanwhile, aggressive subsidies and regulations are used to hold 
down energy prices well below economic and prevailing international 
levels so that growth w ill not be seriously constrained.
Even over the next ten years (1976-85), the supply enterprise 
typically proposed in such projections is impressive. Oil and gas ex­
traction shift dramatically to offshore and Alaskan sources, with 
nearly 900 new oil wells offshore of the contiguous 48 states alone. 
Some 170 new coal mines open, extracting about 200 million tons per 
year each from eastern underground and strip mines, plus 120 m il­
lion from western stripping. The nuclear fuel cycle requires over 
100 new uranium mines, a new enrichment plant, some 40 fuel fabri­
cation plants, three fuel reprocessing plants. The electrical supply sys­
tem, more than doubling, draws on some 180 new 800-megawatt coal-
1 In this essay the proportions assigned to the components of the two paths are only indica­
tive and illustrative. More exact computations, now being done by several groups in the 
United States and abroad (notably the interim [autumn 1976] and forthcoming final [1976- 
1977] reports of the energy study of the Union of Concerned Scientists, Cambridge, Mass.), 
involve a level of technical detail which, though an essential next step, may deflect attention 
from fundamental concepts. This article will accordingly seek technical realism without 
rigorous precision or completeness. Its aim is to try to bring some modest synthesis to the 
enormous flux and ferment of current energy thinking around the world. Much of the credit 
(though none of the final responsibility) must go to the many energy strategists whose insight 
and excitement they have generously shared and whose ideas I have shamelessly recycled 
without explicit citation. Only the limitations of space keep me from acknowledging by name 
the 70-odd contributors, in many countries, who come especially to mind.
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fired stations, over one hundred and forty 1,000-megawatt nuclear 
reactors, 60 conventional and over 100 pumped-storage hydroelectric 
plants, and over 350 gas turbines. Work begins on new industries to 
make synthetic fuels from coal and oil shale. At peak, just building 
(notoperating) all these new facilities directly requires nearly 100,- 
000 engineers, over 420,000 craftspeople, and over 140,000 laborers. 
Total indirect labor requirements are twice as great.2
This ten-year spurt is only the beginning. The year 2000 finds us 
with 450 to 800 reactors (including perhaps 80 fast breeders, each 
loaded with 2.5 metric tons of plutonium), 500 to 800 huge coal-fired 
power stations, 1,000 to 1,600 new coalmines and some 15 million elec­
tric automobiles. Massive electrification—which, according to one 
expert, is “the most important attempt to modify the infrastructure of 
industrial society since the railroad”3 4— is largely responsible for the 
release of waste heat sufficient to warm the entire freshwater runoff 
of the contiguous 48 states by 34-49°F.“ M ining coal and uranium, 
increasingly in the arid West, entails inverting thousands of com­
munities and millions of acres, often with little hope of effective 
restoration. The commitment to a long-term coal economy many times 
the scale of today’s makes the doubling of atmospheric carbon dioxide 
concentration early in the next century virtually unavoidable, with 
the prospect then or soon thereafter of substantial and perhaps irre­
versible changes in global climate.5 Only the exact date of such 
changes is in question.
The main ingredients of such an energy future are roughly 
sketched in Figure 1. For the period up to 2000, this sketch is a com­
posite of recent projections published by the Energy Research and 
Development Administration (E R D A ), Federal Energy Adminis­
tration (F E A ), Department of the Interior, Exxon, and Edison 
Electric Institute. Minor and relatively constant sources, such as hy­
droelectricity, are omitted ; the nuclear component represents nuclear
2 The foregoing data are from M. Carasso et a/., The Energy Supply Planning Model, 
PB-245 382 and PB-245 3^ 3, National Technical Information Service (Springfield, Va.), 
Bechtel Corp. report to the National Science Foundation (NSF), August 1975. The figures 
assume the production goals of the 1975 State of the Union Message. Indirect labor require­
ments are calculated by C. W. Bullard and D. A. Pilati, CAC Document 178 (September 
1975)> Center for Advanced Computation, Univ. of Illinois at Urbana-Champaign.
3 I. C. Bupp and R. Treitel, “The Economics of Nuclear Power: De Omnibus Dubitandum,” 
1976 (available from Professor Bupp, Harvard Business School).
4 Computation concerning waste heat and projections to 2000 are based on data in the 1975 
Energy Research and Development Administration Plan (ERDA-48).
5 B. Bolin, “Energy and Climate,” Secretariat for Future Studies (Facie, S-103 10 Stockholm) ; 
S. H. Schneider and R. D. Dennett, Ambio 4, 2:65-74 (1975); S. H. Schneider, The Genesis 
Strategy, New York: Plenum, 1976; W. W. Kellogg and S. H. Schneider, Science 186:1163-72 
(I974)-
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FIGURE I
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heat, which is roughly three times the resulting nuclear electric out­
put; fuel imports are aggregated with domestic production. Beyond 
2000, the usual cutoff date of present projections, the picture has been 
extrapolated to the year 2025— exactly how is not important here— in 
order to show its long-term implications more clearly.6
Ill
The flaws in this type of energy policy have been pointed out by 
critics in and out of government. For example, despite the intensive 
electrification— consuming more than half the total fuel input in 2000 
and more thereafter— we are still short of gaseous and liquid fuels, 
acutely so from the 1980s on, because of slow and incomplete sub­
stitution of electricity for the two-thirds of fuel use that is now direct. 
Despite enhanced recovery of resources in the ground, shortages 
steadily deepen in natural gas—on which plastics and nitrogen fer­
tilizers depend— and, later, in fuel for the transport sector (half our 
oil now runs cars). Worse, at least half the energy growth never 
reaches the consumer because it is lost earlier in elaborate conversions 
in an increasingly inefficient fuel chain dominated by electricity gen­
eration (which wastes about two-thirds of the fuel) and coal con-
6 Figure i shows only nonagricultural energy. Yet the sunlight participating in photosyn­
thesis in our harvested crops is comparable to our total use of nonagricultural energy, while 
the sunlight falling on all U.S. croplands and grazing lands is about 25 times the nonagricul­
tural energy. By any measure, sunlight is the largest single energy input to the U.S. economy 
today.
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version (which wastes about one-third). Thus in Britain since 1900, 
primary energy— the input to the fuel chain— has doubled while 
energy at the point of end use— the car, furnace or machine whose 
function it fuels— has increased by only a half, or by a third per 
capita; the other half of the growth went to fuel the fuel industries, 
which are the largest energy consumers.
Among the most intractable barriers to implementing Figure 1 is 
its capital cost. In the 1960s, the total investment to increase a con­
sumer’s delivered energy supplies by the equivalent of one barrel of 
oil per day (about 67 kilowatts of heat) was a few thousand of today’s 
dollars— of which, in an oil system, the wellhead investment in the 
Persian Gulf was and still is only a few hundred dollars. (The rest 
is transport, refining, marketing and distribution.) The capital in­
tensity of much new coal supply is still in this range. But such cheaply 
won resources can no longer stretch our domestic production of 
fluid fuels or electricity; and Figure 1 relies mainly on these, not on 
coal burned directly, so it must bear the full burden of increased 
capital intensity.
That burden is formidable. For the North Sea oilfields coming 
into production soon, the investment in the whole system is roughly 
$10,000 to deliver an extra barrel per day (constant 1976 dollars 
throughout) ; for U.S. frontier (Arctic and offshore) oil and gas in 
the 1980s it w ill be generally in the range from $10,000 to $25,000; 
for synthetic gaseous and liquid fuels made from coal, from $20,000 
to $50,000 per daily barrel.
The scale of these capital costs is generally recognized in the in­
dustries concerned. What is less widely appreciated— partly because 
capital costs of electrical capacity are normally calculated per in­
stalled (not delivered) kilowatt and partly because whole-system 
costs are rarely computed— is that capital cost is many times greater 
for new systems that make electricity than for those that burn 
fuels directly. For coal-electric capacity ordered today, a reasonable 
estimate would be about $150,000 for the delivered equivalent of one 
barrel of oil per day; for nuclear-electric capacity ordered today, 
about $2oo,ooo-$3C>o,ooo. Thus, the capital cost per delivered kilo­
watt of electrical energy emerges as roughly 100 times that of the 
traditional direct-fuel technologies on which our society has been 
built.7
7 The capital costs for frontier fluids and for electrical systems can be readily calculated 
from the data base of the Bechtel model (footnote 2 above). The electrical examples are 
worked out in my “Scale, Centralization and Electrification in Energy Systems,” Future Strategies 
of Energy Development symposium, Oak Ridge Associated Universities, October 20-21, 1976.
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The capital intensity of coal conversion and, even more, of large 
electrical stations and distribution networks is so great that many 
analysts, such as the strategic planners of the Shell Group in London, 
have concluded that no major country outside the Persian Gulf can 
afford these centralized high technologies on a truly large scale, large 
enough to run a country. They are looking, in Monte Canfield’s 
phrase, like future technologies whose time has passed.
Relying heavily on such technologies, President Ford’s 1976-85 
energy program turns out to cost over $1 trillion (in 1976 dollars) 
in initial investment, of which about 70 to 80 percent would be for 
new rather than replacement plants.8 The latter figure corresponds 
to about three-fourths of cumulative net private domestic investment 
( NPDI) over the decade (assuming that NPDI remains 7 percent 
of gross national product and that GNP achieves real growth of 3.5 
percent per year despite the adverse effects of the energy program 
on other investments). In contrast, the energy sector has recently re­
quired only one-fourth of NPDI. Diverting to the energy sector not 
only this hefty share of discretionary investment but also about two- 
thirds of all the rest would deprive other sectors which have their 
own cost-escalation problems and their own vocal constituencies. 
A  powerful political response could be expected. And this capital 
burden is not temporary; further up the curves of Figure 1 it tends 
to increase, and much of what might have been thought to be in­
creased national wealth must be plowed back into the care and feed­
ing of the energy system. Such long-lead-time, long-payback-time 
investments might also be highly inflationary.
Of the $1 trillion-plus just cited, three-fourths would be for elec­
trification. About 18 percent of the total investment could be saved 
just by reducing the assumed average 1976-85 electrical growth rate 
from 6.5 to 5.5 percent per year.9 N ot surprisingly, the combination 
of disproportionate and rapidly increasing capital intensity, long 
lead times, and economic responses is already proving awkward to the 
electric utility industry, despite the protection of a 20 percent tax­
payer subsidy on new power stations.10 “Probably no industry,” ob­
serves Bankers Trust Company, “has come closer to the edge of
8 The Bechtel model, using 1974 dollars and assuming ordering in early 1974, estimates di­
rect construction costs totaling $559 billion, including work that is in progress but not yet 
commissioned in 1985. Interest, design and administration— but not land, nor escalation beyond 
the g n p  inflation rate— bring the total to $743 billion. Including the cost of land, and correcting 
to a 1976 ordering date and 1976 dollars, is estimated by M. Carasso to yield over $1 trillion.
8 M. Carasso et al., op. cit.
30 E. Kahn et al., “Investment Planning in the Energy Sector,” LBL-4479, Lawrence Berkeley 
Laboratory, Berkeley, Calif., March 1, 1976.
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financial disaster.” Both here and abroad an effective feedback loop 
is observable: large capital programs -> poor cash flow -> higher 
electricity prices -» reduced demand growth -» worse cash flow -> 
increased bond flotation -* increased debt-to-equity ratio, worse cov­
erage, and less attractive bonds -> poor bond sales -> worse cash 
flow -» higher electricity prices -» reduced (even negative) demand 
growth and political pressure on utility regulators -> overcapacity, 
credit pressure, and higher cost of money —> worse cash flow, etc. 
This “spiral of impossibility,” as Mason W illrich has called it, is 
exacerbated by most utilities’ failure to base historic prices on the 
long-run cost of new supply: thus some must now tell their customers 
that the current-dollar cost of a kilowatt-hour w ill treble by 1985, 
and that two-thirds of that increase will be capital charges for new 
plants. Moreover, experience abroad suggests that even a national 
treasury cannot long afford electrification: a N ew  York State-like 
position is quickly reached, or too little money is left over to finance 
the energy uses, or both.
IV
Summarizing a similar situation in Britain, Walter Patterson con­
cludes: “Official statements identify an anticipated ‘energy gap’ 
which can be filled only with nuclear electricity; the data do not 
support any such conclusion, either as regards the ‘gap’ or as regards 
the capability of filling it with nuclear electricity.” W e have sketched 
one form of the latter argument; let us now consider the former.
Despite the steeply rising capital intensity of new energy supply, 
forecasts of energy demand made as recently as 1972 by such bodies 
as the Federal Power Commission and the Department of the In­
terior wholly ignored both price elasticity of demand and energy 
conservation. The Chase Manhattan Bank in 1973 saw virtually no 
scope for conservation save by minor curtailments: the efficiency 
with which energy produced economic outputs was assumed to be 
optimal already. In 1976, some analysts still predict economic ca­
lamity if the United States does not continue to consume twice the 
combined energy total for Africa, the rest of North and South Amer­
ica, and Asia except Japan. But what have more careful studies 
taught us about the scope for doing better with the energy we have? 
Since we can’t keep the bathtub filled because the hot water keeps 
running out, do we really (as Malcolm MacEwen asks) need a bigger 
W'ater heater, or could we do better with a cheap, low-technology 
plug?
There are two ways, divided by a somewhat fuzzy line, to do more
'VTV
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with less energy. First, we can plug leaks and use thriftier technol­
ogies to produce exactly the same output of goods and services— and 
bads and nuisances— as before, substituting other resources (capital, 
design, management, care, etc.) for some of the energy we formerly 
used. When measures of this type use today’s technologies, are ad­
vantageous today by conventional economic criteria, and have no 
significant effect on life-styles, they are called “technical fixes.”
In addition, or instead, we can make and use a smaller quantity 
or a different mix of the outputs themselves, thus to some degree 
changing (or reflecting ulterior changes in) our life-styles. W e might 
do this because of changes in personal values, rationing by price or 
otherwise, mandatory curtailments, or gentler inducements. Such 
“social changes” include car-pooling, smaller cars, mass transit, bi­
cycles, walking, opening windows, dressing to suit the weather, and 
extensively recycling materials. Technical fixes, on the other hand, 
include thermal insulation, heat-pumps (devices like air conditioners 
which move heat around— often in either direction— rather than 
making it from scratch), more efficient furnaces and car engines, less 
overlighting and overventilation in commercial buildings, and re­
cuperators for waste heat in industrial processes. Hundreds of tech­
nical and semi-technical analyses of both kinds of conservation have 
been done; in the last two years especially, much analytic progress 
has been made.
Theoretical analysis suggests that in the long term,.technical fixes 
a lo n e  in the United States could probably improve energy efficiency 
by a factor of at least three or four.11 A recent review of specific 
practical measures cogently argues that with only those technical 
fixes that could be implemented by about the>turn of the century, we 
could nearly double the efficiency with which we use energy.12 If 
that is correct, we could have steadily increasing economic activity 
with approximately constant primary energy use for the next few  
decades, thus stretching our present energy supplies rather than 
having to add massively to them. One careful comparison shows that 
a f t e r  correcting for differences of climate, hydroelectric capacity, 
etc., Americans would still use about a third less energy than they 
do now if they were as efficient as the Swedes (who see much room 
for improvement in their own efficiency).13 U.S. per capita energy
11 American Institute of Physics Conference Proceedings No. 25, Efficient Use of Energy, 
New York: AIP, 1975; summarized in Physics Today, August 1975.
12 M. Ross and R. H. Williams, “Assessing the Potential for Fuel Conservation,” forthcoming 
in Technology Review; see also L. Schipper, Annual Review of Energy 1:455-518 (1976).
18 L. Schipper and A. J. Lichtenberg, “Efficient Energy Use and Well-Being: The Swedish 
Example,” LBL-4430 and ERG-76-09, Lawrence Berkeley Laboratory, April 1976.
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intensity, too, is about twice that of West Germany in space heating, 
four times in transport.14 Much of the difference is attributable to 
technical fixes.
Some technical fixes are already under way in the United States. 
Many factories have cut tens of percent off their fuel cost per unit 
output, often with practically no capital investment. N ew  1976 cars 
average 27 percent better mileage than 1974 models. And there is 
overwhelming evidence that technical fixes are generally much 
cheaper than increasing energy supply, quicker, safer, of more lasting 
benefit. They are also better for secure, broadly based employment 
using existing skills. Most energy conservation measures and the 
shifts of consumption which they occasion are relatively labor-inten­
sive. Even making more energy-efficient home appliances is about 
twice as good for jobs as is building power stations: the latter is 
practically the least labor-intensive major investment in the whole 
economy.
The capital savings of conservation are particularly impressive. 
In the terms used above, the investments needed to save  the equivalent 
of an extra barrel of oil per day are often zero to $3,500, generally 
under $8,000, and at most about $25,000— far less than the amounts 
needed to increase most kinds of energy supply. Indeed, to use energy 
efficiently in new buildings, especially commercial ones, the addi­
tional capital cost is often n e g a t i v e : savings on heating and cooling 
equipment more than pay for the other modifications.
To take one major area of potential saving, technical fixes in new 
buildings can save 50 percent or more in office buildings and 80 per­
cent or more in some new houses.15 A recent American Institute of 
Architects study concludes that, by 1990, improved design of new 
buildings and modification of old ones could save a third of our cur­
rent to ta l  national energy use— and save money too. The payback 
time wrould be only half that of the alternative investment in increased 
energy supply, so the same capital could be used twice over.
A second major area lies in “cogeneration,” or the generating of 
electricity as a by-product of the process steam normally produced 
in many industries. A  Dow study chaired by Paul McCracken reports 
that by 1985 U.S. industry could meet approximately half its own
14 R. L. Goen and R. K. White, “Comparison of Energy Consumption Between West Ger­
many and the United States,” Stanford Research Institute, Menlo Park, Calif., June 1975.
15 A. D. Little, Inc., “An Impact Assessment of ASHRAE Standard 90-75,” report to FEA, 
C-78309, December 1975; J. E. Snell et al. (National Bureau of Standards), “Energy Conser­
vation in Office Buildings: Some United States Examples,” Internationa] CIB Symposium on 
Energy Conservation in the Built Environment (Building Research Establishment, Garston, 
Watford, England), April 1976; Owens-Corning-Fiberglas, “The Arkansas Story,” 1975.
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electricity needs (compared to about a seventh today) by this means. 
Such cogeneration would save $20-50 billion in investment, save fuel 
equivalent to 2-3 million barrels of oil per day, obviate the need for 
more than 50 large reactors, and (with flattened utility rates) yield 
at least 20 percent pretax return on marginal investment while re­
ducing the price of electricity to consumers.16 Another measure of 
the potential is that cogeneration provides about 4 percent of elec­
tricity today in the United States but about 2()fpercent in West 
Germany. Cogeneration and more efficient use of electricity could 
together reduce our use of electricity by a third and our central- 
station generation by 60 percent.17 Like district heating (distribution 
of waste heat as hot water via insulated pipes to heat buildings), 
U.S. cogeneration is held back only by institutional barriers. Yet 
these are smaller than those that were overcome when the present 
utility industry was established.
So great is the scope for technical fixes now that we could spend sev­
eral hundred billion dollars on them initially plus several hundred 
million dollars per day— and still save money compared with in­
creasing the supply! And we would still have the fuel (without the 
environmental and geopolitical problems of getting and using it ) . The 
barriers to far more efficient use of energy are not technical, nor in 
any fundamental sense economic. So why do we stand here confronted, 
as Pogo said, by insurmountable opportunities?
The answer— apart from poor information and ideological antip­
athy and rigidity— is a wide array of institutional barriers, including 
more than 3,000 conflicting and often obsolete building codes, an 
innovation-resistant building industry, lack of mechanisms to ease the 
transition from kinds of work that we no longer need to kinds we 
do need, opposition by strong unions to schemes that would transfer 
jobs from their members to larger numbers of less “skilled” workers, 
promotional utility rate structures, fee structures giving building en­
gineers a fixed percentage of prices of heating and cooling equipment 
they install, inappropriate tax and mortgage policies, conflicting sig­
nals to consumers, misallocation of conservation’s costs and benefits 
(builders vs. buyers, landlords vs. tenants, etc.), imperfect access to 
capital markets, fragmentation of government responsibility, etc.
Though economic answers are not always right answers, properly
18 P. W. McCracken et al., Industrial Energy Center Study, Dow Chemical Co. et al., report 
to NSF, PB-243 824, National Technical Information Service (Springfield, Va.), June 1975. 
Extensive cogeneration studies for FEA are in progress at Thermo-Electron Corp., Waltham, 
Mass. A pathfinding June 1976 study by R. H. Williams (Center for Environmental Studies, 
Princeton University) for the N.J. Cabinet Energy Committee argues that the Dow report sub­
stantially underestimates cogeneration potential.
1T Ross and Williams, op. cit.
"29" should be "12"
ENERGY STRATEGY 75
using the markets we have may be the greatest single step we could 
take toward a sustainable, humane energy future. The sound economic 
principles we need to apply include flat (even inverted) utility rate 
structures rather than discounts for large users, pricing energy ac­
cording to what extra supplies will cost in the long run (“ long-run 
marginal-cost pricing” ), removing subsidies, assessing the total costs 
of energy-using purchases over their wffiole operating lifetimes (“ life- 
cycle costing” ), counting the costs of complete energy systems includ­
ing all support and distribution systems, properly assessing and 
charging environmental costs, valuing assets by what it would cost 
to replace them, discounting appropriately, and encouraging com­
petition through antitrust enforcement (including at least horizontal 
divestiture of giant energy corporations).
Such practicing of the market principles we preach could go very 
far to help us use energy efficiently and get it from sustainable 
sources. But just as clearly, there are things the market cannot do, 
like reforming building codes or utility practices. And whatever 
our means, there is room for differences of opinion about how far 
we can achieve the great theoretical potential for technical fixes. 
How far might we instead choose, or be driven to, some of the 
“ social changes” mentioned earlier?
There is no definitive answer to this question— though it is arguable 
that if we are not clever enough to overcome the institutional barriers 
to implementing technical fixes, we shall certainly not be clever 
enough to overcome the more familiar but more formidable barriers 
to increasing energy supplies. My own view of the evidence is, first, 
that we are adaptable enough to use technical fixes alone to double, 
in the next few decades, the amount of social benefit we wring from 
each unit of end-use energy; and second, that value changes which 
could either replace or supplement those technical changes are also 
occurring rapidly. If either of these views is right, or if both are 
partly right, we should be able to double end-use efficiency by the 
turn of the century or shortly thereafter, with minor or no changes 
in life-styles or values save increasing comfort for modestly increas­
ing numbers. Then over the period 2010-40, we should be able to 
shrink per capita primary energy use to perhaps a third o*r a quarter 
of today’s.18 (The former would put us at the per capita level of the
18 A calculation for Canada supports this view: A. B. Lovins, Conserver Society Notes (Sci­
ence Council of Canada, Ottawa), May/June 1976, pp. 3-16. Technical fixes already approved 
in principle by the Canadian Cabinet should hold approximately constant until 1990 the energy 
required for the transport, commercial and house-heating sectors; sustaining similar measures 
to 2025 is estimated to shrink per capita primary energy to about half today’s level. Plausible 
social changes are estimated to yield a further halving. The Canadian and U.S. energy sys­
tems have rather similar structures.
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wasteful, but hardly troglodytic, French.) Even in the case of four­
fold shrinkage, the resulting society could be instantly recognizable 
to a visitor from the 1960s and need in no sense be a pastoralist’s 
utopia— though that option would remain open to those who may 
desire it.
The long-term mix of technical fixes with structural and value 
changes in work, leisure, agriculture and industry will require much 
trial and error. It will take many years to make up our diverse minds 
about. It will not be easy— merely easier than not doing it. Mean­
while it is easy only to see what not to do.
If one assumes that by resolute technical fixes and modest social 
innovation we can double our end-use efficiency by shortly after 
2000, then we could be twice as affluent as now with today’s level of 
energy use, or as affluent as now while using only half the end-use 
energy we use today. Or we might be somewhere in between— signif­
icantly more affluent (and equitable) than today but with less end- 
use energy.
Many analysts now regard modest, zero or negative growth in our 
rate of energy use as a realistic long-term goal. Present annual U.S. 
primary energy demand is about 75 quadrillion B T U  (“quads” ), and 
most official projections for 2000 envisage growth to 130-170 quads. 
However, recent work at the Institute for Energy Analysis, Oak 
Ridge, under the direction of Dr. Alvin Weinberg, suggests that 
standard projections of energy demand are far too high because they 
do not take account of changes in demographic and economic trends. 
In June 1976 the Institute considered that with a conservation pro­
gram far more modest than that contemplated in this article, the 
likely range of U.S. primary energy demand in the year 2000 would 
be about 101-126 quads, with the lower end of the range more 
probable and end-use energy being about 60-65 quads. And, at the 
further end of the spectrum, projections for 2000 being considered 
by the “ Demand Panel” of a major U.S. National Research Council 
study, as of mid-1976, ranged as low as about 54 quads of fuels (plus 
16 of solar energy).
As the basis for a coherent alternative to the path shown in Figure 
1 earlier, a primary energy demand of about 95 quads for 2000 is 
sketched in Figure 2. Total energy demand would gradually de­
cline thereafter as inefficient buildings, machines, cars and energy 
systems are slowly modified or replaced. Let us now explore the 
other ingredients of such a path— starting with the “soft” supply 
technologies which, spurned in Figure 1 as insignificant, now assume 
great importance.
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There exists today a body of energy technologies that have certain 
specific features in common and that offer great technical, economic 
and political attractions, yet for which there is no generic term. For 
lack of a more satisfactory term, I shall call them “soft” technologies: 
a textural description, intended to mean not vague, mushy, speculative 
or ephemeral, but rather flexible, resilient, sustainable and benign. 
Energy paths dependent on soft technologies, illustrated in Figure 2, 
will be called “soft” energy paths, as the “ hard” technologies sketched 
in Section II constitute a “hard” path (in both senses). The distinc­
tion between hard and soft energy paths rests not on how much energy 
is used, but on the technical and sociopolitical structure of the energy 
system, thus focusing our attention on consequent and crucial political 
differences.
In Figure 2, then, the social structure is significantly shaped by the 
rapid deployment of soft technologies. These are defined by five char­
acteristics :
—  They rely on renewable energy flowrs that are always there 
whether we use them or not, such as sun and wind and vegeta­
tion : on energy income, not on depletable energy capital.
—  They are diverse, so that energy supply is an aggregate of very 
many individually modest contributions, each designed for 
maximum effectiveness in particular circumstances.
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—  They are flexible and relatively low-technology— which does 
not mean unsophisticated, but rather, easy to understand and 
use without esoteric skills, accessible rather than arcane.
—  They are matched in scale and in geographic distribution to 
end-use needs, taking advantage of the free distribution of most 
natural energy flows.
—  They are matched in energy quality to end-use needs: a key 
feature that deserves immediate explanation.
People do not want electricity or oil, nor such economic abstrac­
tions as “ residential services,” but rather comfortable rooms, light, 
vehicular motion, food, tables, and other real things. Such end-use 
needs can be classified by the physical nature of the task to be done. 
In the United States today, about 58 percent of all energy at the 
point of end use is required as heat, split roughly equally between 
temperatures above and below the boiling point of water. (In West­
ern Europe the low-temperature heat alone is often a half of all end- 
use energy.) Another 38 percent of all U.S. end-use energy provides 
mechanical motion: 31 percent in vehicles, 3 percent in pipelines, 4 
percent in industrial electric motors. The rest, a mere 4 percent of de­
livered energy, represents all lighting, electronics, telecommunica­
tions, electrometallurgy, electrochemistry, arc-welding, electric 
motors in home appliances and in railways, and similar end uses 
which now require electricity.
Some 8 percent of all our energy end use, then, requires electricity 
for purposes other than low-temperature heating and cooling. Yet, 
since we actually use electricity for many such low-grade purposes, 
it now meets 13 percent of our end-use needs— and its generation 
consumes 29 percent of our fossil fuels. A  hard energy path would 
increase this 13 percent figure to 20-40 percent (depending on as­
sumptions) by the year 2000, and far more thereafter. But this is 
wasteful because the laws of physics require, broadly speaking, that 
a power station change three units of fuel into two units of almost 
useless waste heat plus one unit of electricity. This electricity can do 
more difficult kinds of work than can the original fuel, but unless 
this extra quality and versatility are used to advantage, the costly 
process of upgrading the fuel— and losing two-thirds of it— is all for 
naught.
Plainly we are using premium fuels and electricity for many tasks 
for which their high energy quality is superfluous, wasteful and ex­
pensive, and a hard path would make this inelegant practice even 
more common. Where we want only to create temperature differences 
of tens of degrees, we should meet the need with sources whose po­
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tential is tens or hundreds of degrees, not with a flame temperature 
of thousands or a nuclear temperature of millions-—like cutting 
butter with a chainsaw.
For some applications, electricity is appropriate and indispensable: 
electronics, smelting, subways, most lighting, some kinds of mechan­
ical work, and a few more. But these uses are already oversupplied, 
and for the other, dominant uses remaining in our energy economy 
this special form of energy cannot give us our money’s worth (in 
many parts of the United States today it already costs $50-120 per 
barrel-equivalent). Indeed, in probably no industrial country today 
can additional supplies of electricity be used to thermodynamic 
advantage which would justify their high cost in money and fuels.
So limited are the U.S. end uses that really require electricity that 
by applying careful technical fixes to them we could reduce their 
8 percent total to about 5 percent (mainly by reducing commercial 
overlighting), wrhereupon we could probably cover all those needs 
with present U.S. hydroelectric capacity plus the cogeneration ca­
pacity available in the mid-to-late 1980s.19 Thus an affluent industrial 
economy could advantageously operate with no central power stations 
at all! In practice we would not necessarily want to go that far, at 
least not for a long time; but the possibility illustrates how far we are 
from supplying energy only in the quality needed for the task at hand.
A  feature of soft technologies as essential as their fitting end-use 
needs (for a different reason) is their appropriate scale, which can 
achieve important types of economies not available to larger, more 
centralized systems. This is done in five ways, of wrhich the first is 
reducing and sharing overheads. Roughly half your electricity bill is 
fixed distribution costs to pay the overheads of a sprawling energy 
system: transmission lines, transformers, cables, meters and people to 
read them, planners, headquarters, billing computers, interoffice 
memos, advertising agencies. For electrical and some fossil-fuel sys­
tems, distribution accounts for more than half of total capital cost, 
and administration for a significant fraction of total operating cost. 
Local or domestic energy systems can reduce or even eliminate these 
infrastructure costs. The resulting savings can far outweigh the extra 
costs of the dispersed maintenance infrastructure that the small sys­
tems require, particularly where that infrastructure already exists or 
can be shared (e.g., plumbers fixing solar heaters as well as sinks).
Small scale brings further savings by virtually eliminating distri­
bution losses, which are cumulative and pervasive in centralized
19 The scale of potential conservation in this area is given in Ross and Williams, op. cit., 
the scale of potential cogeneration capacity is from McCracken ft al., op. cit.
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energy systems (particularly those using high-quality energy). Small 
systems also avoid direct diseconomies of scale, such as the frequent 
unreliability of large units and the related need to provide instant 
“spinning reserve” capacity on electrical grids to replace large sta­
tions that suddenly fail. Small systems with short lead times greatly 
reduce exposure to interest, escalation and mistimed demand fore­
casts— major indirect diseconomies of large scale.
The fifth type of economy available to small systems arises from 
mass production. Consider, as Henrik Harboe suggests, the ioo-odd 
million cars in this country. In round numbers, each car probably 
has an average cost of less than $4,000 and a shaft power over 100 
kilowatts (134 horsepower). Presumably a good engineer could 
build a generator and upgrade an automobile engine to a reliable, 35- 
percent-efficient diesel at no greater total cost, yielding a mass-pro­
duced diesel generator unit costing less than $40 per kw. In contrast, 
the motive capacity in our central power stations— currently totaling 
about 1/40 as much as in our cars— costs perhaps ten times more per 
kw, partly because it is not mass-produced. It is not surprising that at 
least one foreign car maker hopes to go into the wind-machine and 
heat-pump business. Such a market can be entered incrementally, 
without the billions of dollars’ investment required for, say, liquefying 
natural gas or gasifying coal. It may require a production philosophy 
oriented toward technical simplicity, low replacement cost, slow ob­
solescence, high reliability, high volume and low markup; but these 
are familiar concepts in mass production. Industrial resistance would 
presumably melt when— as with pollution-abatement equipment—  
the scope for profit was perceived.
This is not to say that all energy systems need be at domestic scale. 
For example, the medium scale of urban neighborhoods and rural 
villages offers fine prospects for solar collectors— especially for add­
ing collectors to existing buildings of which some (perhaps with 
large flat roofs) can take excess collector area while others cannot 
take any. They could be joined via communal heat storage systems, 
saving on labor cost and on heat losses. The costly craftwork of re­
modeling existing systems— “backfitting” idiosyncratic houses with 
individual collectors— could thereby be greatly reduced. Despite these 
advantages, medium-scale solar technologies are currently receiving 
little attention apart from a condominium-village project in Vermont 
sponsored by the Department of Housing and Urban Development 
and the 100-dwelling-unit Mejannes-le-Clap project in France.
The schemes that dominate E R D A ’s solar research budget— such as 
making electricity from huge collectors in the desert, or from tern-
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perature differences in the oceans, or from Brooklyn Bridge-like satel­
lites in outer space— do not satisfy our criteria, for they are ingenious 
high-technology ways to supply energy in a form and at a scale in­
appropriate to most end-use needs. Not all solar technologies are soft. 
Nor, for the same reason, is nuclear fusion a soft technology.20 But 
many genuine soft technologies are now available and are now eco­
nomic. What are some of them?
Solar heating and, imminently, cooling head the list. They are in­
crementally cheaper than electric heating, and far more inflation- 
proof, practically anywhere in the world.21 In the United States (with 
fairly high average sunlight levels), they are cheaper than present 
electric heating virtually anywhere, cheaper than oil heat in many 
parts, and cheaper than gas and coal in some. Even in the least favor­
able parts of the continental United States, far more sunlight falls on 
a typical building than is required to heat and cool it without supple­
ment; whether this is considered economic depends on how the ac­
counts are done.22 The difference in solar input between the most and 
least favorable parts of the lower 49 states is generally less than two­
fold, and in cold regions, the long heating season can improve solar 
economics.
Ingenious ways of backfitting existing urban and rural buildings 
(even large commercial ones) or their neighborhoods with efficient 
and exceedingly reliable solar collectors are being rapidly developed 
in both the private and public sectors. In some recent projects, the lead 
time from ordering to operation has been only a few months. Good 
solar hardware, often modular, is going into pilot or full-scale produc-
20 Assuming (which is still not certain) that controlled nuclear fusion works, it will almost 
certainly be more difficult, complex and costly— though safer and perhaps more permanently 
fueled— than fast breeder reactors. See W. D. Metz, Science 192.1320-23 (1976), 193:18-40, 
76 (1976), and /9J.307-309 (1976). But for three reasons we onght not to pursue fusion. First, 
it generally produces copious fast neutrons that can and probably would be used to make bomb 
materials. Second, if it turns out to be rather “dirty,” as most fusion experts expect, we shall 
probably use it anyway, whereas if it is clean, we shall so overuse it that the resulting heat 
release will alter global climate: we should prefer energy sources that give us enough for our 
needs while denying us the excesses of concentrated energy with which we might do mischief 
to the earth or to each other. Third, fusion is a clever way to do something we don’t really 
want to do, namely to find yet another complex, costly, large-scale, centralized, high-technology 
way to make electricity— all of which goes in the wrong direction.
21 Partly or wholly solar heating is attractive and is being demonstrated even in cloudy 
countries approaching the latitude of Anchorage, such as Denmark and the Netherlands (Interna­
tional CIB Symposium, op. cit.) and Britain (Solar Energy: A U.K. Assessment, International 
Solar Energy Society, London, May 1976).
22 Solar heating cost is traditionally computed microeconomically for a consumer whose alter­
native fuels are not priced at long-run marginal cost. Another method would be to compare 
the total cost (capital and life-cycle) of the solar system with the total cost of the other com­
plete systems that wmuld otherwise have to be used in the long run to heat the same space. 
On that basis, 100 percent solar heating, even with twice the capital cost of two-thirds or 
three-fourths solar heating, is almost always advantageous.
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tion over the next few years, and will increasingly be integrated into 
buildings as a multipurpose structural element, thereby sharing costs. 
Such firms as Philips, Honeywell, Revere, Pittsburgh Plate Glass, 
and Owens-Illinois, plus many dozens of smaller firms, are applying 
their talents, with rapid and accelerating effect, to reducing unit costs 
and improving performance. Some novel types of very simple col­
lectors with far lower costs also show promise in current experiments. 
Indeed, solar hardware per se is necessary only for backfitting existing 
buildings. If we build new buildings properly in the first place, they 
can use “ passive” solar collectors— large south windows or glass- 
covered black south walls— rather than special collectors. If we did 
this to all new houses in the next 12 years, we would save about as 
much energy as we expect to recover from the Alaskan North Slope.28
Secondly, exciting developments in the conversion of agricultural, 
forestry and urban wastes to methanol and other liquid and gaseous 
fuels now offer practical, economically interesting technologies suf­
ficient to run an efficient U.S. transport sector.24 Some bacterial and 
enzymatic routes under study look even more promising, but presently 
proved processes already offer sizable contributions without the 
inevitable climatic constraints of fossil-fuel combustion. Organic con­
version technologies must be sensitively integrated with agriculture 
and forestry so as not to deplete the soil; most current methods seem 
suitable in this respect, though they may change the farmer’s priorities 
by making his whole yield of biomass (vegetable matter) salable.
The required scale of organic conversion can be estimated. Each 
year the U.S. beer and wine industry, for example, microbiologically 
produces 5 percent as many gallons (not all alcohol, of course) as the 
U.S. oil industry produces gasoline. Gasoline has 1.5-2 times the fuel 
value of alcohol per gallon. Thus a conversion industry roughly 10 to 
14 times the scale (in gallons of fluid output per year) of our cellars 
and breweries would produce roughly one-third of the present gas­
oline requirements of the United States; if one assumes a transport 
sector with three times today’s average efficiency— a reasonable esti­
mate for early in the next century— then the whole of the transport 
needs could be met by organic conversion. The scale of effort required 
does not seem unreasonable, since it would replace in function half 
our refinery capacity.
Additional soft technologies include wind-hydraulic systems (espe­
cially those with a vertical axis), which already seem likely in many 
design studies to compete with nuclear power in much of North
23 R. W. Bliss, Bulletin of the Atomic Scientists, March 1976, pp. 32-40.
24 A. D. Poole and R. H. Williams, Bulletin of the Atomic Scientists, May 1976, pp. 48-58.
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America and Western Europe. But wind is not restricted to making 
electricity: it can heat, pump, heat-pump, or compress air. Solar proc­
ess heat, too, is coming along rapidly as we learn to use the 5,8oo°C. 
potential of sunlight (much hotter than a boiler). Finally, high- and 
low-temperature solar collectors, organic converters, and wind ma­
chines can form symbiotic hybrid combinations more attractive than 
the separate components.
Energy storage is often said to be a major problem of energy-income 
technologies. But this “ problem” is largely an artifact of trying to 
recentralize, upgrade and redistribute inherently diffuse energy flows. 
Directly storing sunlight or wind— or, for that matter, electricity 
from any source— is indeed difficult on a large scale. But it is easy if 
done on a scale and in an energy quality matched to most end-use 
needs. Daily, even seasonal, storage of low- and medium-temperature 
heat at the point of use is straightforward with water tanks, rock beds, 
or perhaps fusible salts. Neighborhood heat storage is even cheaper. 
In industry, wind-generated compressed air can easily (and, with due 
care, safely) be stored to operate machinery: the technology is simple, 
cheap, reliable and highly developed. (Some cities even used to sup­
ply compressed air as a standard utility.) Installing pipes to distribute 
hot water (or compressed air) tends to be considerably cheaper than 
installing equivalent electric distribution capacity. Hydroelectricity 
is stored behind dams, and organic conversion yields readily stored 
liquid and gaseous fuels. On the whole, therefore, energy storage is 
much less of a problem in a soft energy economy than in a hard one.
Recent research suggests that a largely or wholly solar economy can 
be constructed in the United States with straightforward soft technol­
ogies that are now demonstrated and now economic or nearly eco­
nomic.25 Such a conceptual exercise does not require “exotic” methods 
such as sea-thermal, hot-dry-rock geothermal, cheap (perhaps or­
ganic) photovoltaic, or solar-thermal electric systems. If developed, 
as some probably will be, these technologies could be convenient, but 
they are in no way essential for an industrial society operating solely 
on energy income.
Figure 2 shows a plausible and realistic growth pattern, based on 
several detailed assessments, for soft technologies given aggressive sup­
port. The useful output from these technologies would overtake, start­
ing in the 1990s, the output of nuclear electricity shown in even the 
most sanguine federal estimates. For illustration, Figure 2 shows soft
25 For examples, see the Canadian computations in A, B. Lovins, Conserver Society Notes, 
op. cit.; Bent S0rensen’s Danish estimates in Science i8g:2 2 5 -6 0^ ( 1 9 7 5 ); and the estimates by 
the Union of Concerned Scientists, footnote 1 above.
■ k n225-60" should read "255-60"
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technologies meeting virtually all energy needs in 2025, reflecting a 
judgment that a completely soft supply mix is practicable in the long 
run with or without the 2000-25 energy shrinkage shown. Though 
most technologists who have thought seriously about the matter will 
concede it conceptually, some may be uneasy about the details. Ob­
viously the sketched curve is not definitive, for although the general 
direction of the soft path must be shaped soon, the details of the en­
ergy economy in 2025 would not be committed in this century. To a 
large extent, therefore, it is enough to ask yourself whether Figure 1 
or 2 seems preferable in the 1975-2000 period.
A  simple comparison may help. Roughly half, perhaps more, of the 
gross primary energy being produced in the hard path in 2025 is lost 
in conversions. A  further appreciable fraction is lost in distribution. 
Delivered end-use energy is thus not vastly greater than in the soft 
path, where conversion and distribution losses have been all but elim­
inated. (What is lost can often be used locally for heating, and is 
renewable, not depletable.) But the soft path makes each unit of end- 
use energy perform several times as much social function as it would 
have done in the hard path; so in a conventional sense, social welfare 
in the soft path in 2025 is substantially greater than in the hard path 
at the same date.
VI
To fuse into a coherent strategy the benefits of energy efficiency and 
of soft technologies, we need one further ingredient: transitional tech­
nologies that use fossil fuels briefly and sparingly to build a bridge to 
the energy-income economy of 2025, conserving those fuels— espe­
cially oil and gas— for petrochemicals (ammonia, plastics, etc.) and 
leaving as much as possible in the ground for emergency use only.
Some transitional technologies have already been mentioned under 
the heading of conservation— specifically, cogenerating electricity 
from existing industrial steam and using existing waste heat for dis­
trict heating. Given such measures, increased end-use efficiency, and 
the rapid development of biomass alcohol as a portable liquid fuel, 
the principal short- and medium-term problem becomes, not a short­
age of electricity or of portable liquid fuels, but a shortage of clean 
sources of heat. It is above all the sophisticated use of coal, chiefly at 
modest scale, that needs development. Technical measures to permit 
the highly efficient use of this widely available fuel would be the most 
valuable transitional technologies.
Neglected for so many years, coal technology is now experiencing 
a virtual revolution. We are developing supercritical gas extraction,
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flash hydrogenation, flash pyrolysis, panel-bed filters and similar ways 
to use coal cleanly at essentially any scale and to cream off valuable 
liquids and gases as premium fuels before burning the rest. These 
methods largely avoid the costs, complexity, inflexibility, technical 
risks, long lead times, large scale, and tar formation of the traditional 
processes that now dominate our research.
Perhaps the most exciting current development is the so-called 
fluidized-bed system for burning coal (or virtually any other com­
bustible material). Fluidized beds are simple, versatile devices that 
add the fuel a little at a time to a much larger mass of small, inert, red- 
hot particles— sand or ceramic pellets— kept suspended as an agitated 
fluid by a stream of air continuously blown up through it from below. 
The efficiency of combustion, of other chemical reactions (such as sul­
fur removal), and of heat transfer is remarkably high because of the 
turbulent mixing and large surface area of the particles. Fluidized 
beds have long been used as chemical reactors and for burning trash, 
but are now ready to be commercially applied to raising steam and 
operating turbines. In one system currently available from Stal-Laval 
Turbin A B  of Sweden, eight off-the-shelf 70-megawatt gas turbines 
powered by fluidized-bed combusters, together with district-heating 
networks and heat pumps, would heat as many houses as a $1 billion- 
plus coal gasification plant, but would use only two-fifths as much 
coal, cost a half to two-thirds as much to build, and burn more cleanly 
than a normal power station with the best modern scrubbers.26
Fluidized-bed boilers and turbines can power giant industrial com­
plexes, especially for cogeneration, and are relatively easy to backfit 
into old municipal power stations. Scaled down, a fluidized bed can 
be a tiny household device— clean, strikingly simple and flexible—  
that can replace an ordinary furnace or grate and can recover com­
bustion heat with an efficiency over 80 percent.27 At medium scale, 
such technologies offer versatile boiler backfits and improve heat re­
covery in flues. With only minor modifications they can burn prac­
tically any fuel. It is essential to commercialize all these systems now 
— not to waste a decade on highly instrumented but noncommercial
26 The system and its conceptual framework are described in several papers by H. Harboe, 
Managing Director, Stal-Laval (G.B.) Ltd., London: “District Heating and Power Gener­
ation,” November 14, 1975; “Advances in Coal Combustion and Its Applications,” February 
20, 1976; “Pressurized Fluidized Bed Combustion with Special Reference to Open Gas Tur­
bines” (with C. W. Maude), May 1976. See also K. D. Kiang et al., “Fluidized-Bed Com­
bustion of Coals,” GFERC/IC-75/2 (CONF-750586), ERDA, May 1975.
27 Small devices were pioneered by the late Professor Douglas Elliott. His associated firm, 
Fluidfire Development, Ltd. (Netherton, Dudley, W. Midlands, England), has sold many dozens 
of units for industrial heat treatment or heat recuperation. Field tests of domestic packaged 
fluidized-bed boilers are in progress in the Netherlands and planned in Montana.
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pilot plants constrained to a narrow, even obsolete design philosophy.28
Transitional technologies can be built at appropriate scale so that 
soft technologies can be plugged into the system later. For example, 
if district heating uses hot water tanks on a neighborhood scale, those 
tanks can in the long run be heated by neighborhood solar collectors, 
wind-driven heat pumps, a factory, a pyrolyzer, a geothermal well, or 
whatever else becomes locally available— offering flexibility that is 
not possible at today’s excessive scale.
Both transitional and soft technologies are worthwhile industrial 
investments that can recycle moribund capacity and underused skills, 
stimulate exports, and give engaging problems to innovative technol­
ogists. Though neither glamorous nor militarily useful, these tech­
nologies are socially effective— especially in poor countries that need 
such scale, versatility and simplicity even more than we do.
Properly used, coal, conservation, and soft technologies together can 
squeeze the “oil and gas” wedge in Figure 2 from both sides— so far 
that most of the frontier extraction and medium-term imports of oil 
and gas become unnecessary and our conventional resources are 
greatly stretched. Coal can fill the real gaps in our fuel economy with 
only a temporary and modest (less than twofold at peak) expansion of 
mining, not requiring the enormous infrastructure and social impacts 
implied by the scale of coal use in Figure 1.
In sum, Figure 2 outlines a prompt redirection of effort at the mar­
gin that lets us use fossil fuels intelligently to buy the time we need to 
change over to living on our energy income. The innovations required, 
both technical and social, compete directly and immediately with the 
incremental actions that constitute a hard energy path: fluidized beds 
vs. large coal gasification plants and coal-electric stations, efficient 
cars vs. offshore oil, roof insulation vs. Arctic gas, cogeneration vs. 
nuclear power. These two directions of development are mutually 
exclusive: the pattern of commitments of resources and time required 
for the hard energy path and the pervasive infrastructure which it 
accretes gradually make the soft path less and less attainable. That is, 
our two sets of choices compete not only in what they accomplish, but 
also in what they allow us to contemplate later. Figure 1 obscures this 
constriction of options, for it peers myopically forward, one power 
station at a time, extrapolating trend into destiny by self-fulfilling 
prophecy with no end clearly in sight. Figure 2, in contrast, works 
backward from a strategic goal, asks what we must do when in order
28 Already Linkoping, Sweden, is evaluating bids from several confident vendors for a 15- 
megawatt fluidized-bed boiler to add to its district heating system. New reviews at the Insti­
tute for Energy Analysis and elsewhere confirm fluidized beds’ promise of rapid benefits with­
out massive research programs. *
* Linkoping" should be "Enkoping"
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to get there, and thus reveals the potential for a radically different 
path that would be invisible to anyone working forward in time by 
incremental ad-hocracy.
VII
Both the soft and the hard paths bring us, each in its own way and 
at broadly similar rates, to the era beyond oil and gas. But the rates of 
internal adaptation meanwhile are different. As we have seen, the soft 
path relies on smaller, far simpler supply systems entailing vastly 
shorter development and construction time, and on smaller, less so­
phisticated management systems. Even converting the urban clusters 
of a whole country to district heating should take only 30-40 years. 
Furthermore, the soft path relies mainly on small, standard, easy-to- 
make components and on technical resources dispersed in many orga­
nizations of diverse sizes and habits; thus everyone can get into the 
act, unimpeded by centralized bureaucracies, and can compete for a 
market share through ingenuity and local adaptation. Besides having 
much lower and more stable operating costs than the hard path, the 
soft path appears to have lower initial cost because of its technical 
simplicity, small unit size, very low overheads, scope for mass produc­
tion, virtual elimination of distribution losses and of interfuel con­
version losses, low exposure to escalation and interest, and prompt 
incremental construction (so that new capacity is built only when and 
where it is needed).29
The actual costs of whole systems, however, are not the same as per­
ceived costs: solar investments are borne by the householder, electric 
investments by a utility that can float low-interest bonds and amortize 
over 30 years. During the transitional era, we should therefore con­
sider ways to broaden householders’ access to capital markets. For 
example, the utility could finance the solar investment (leaving its 
execution to the householder’s discretion), then be repaid in install­
ments corresponding to the householder’s saving. The householder
29 Estimates of the total capital cost of “soft” systems are necessarily less well developed 
than those for the “hard” systems. For ioo-percent solar space heating, one of the high-priority 
soft technologies, mid-1980s estimates are about $50,000-$60,000 (1976 dollars) of investment 
per daily oil-barrel-equivalent in the United States, $100,000 in Scandinavia. All solar cost 
estimates, however, depend sensitively on collector and building design, both under rapid de­
velopment. In most new buildings, passive solar systems with negligible or negative marginal 
capita! costs should suffice. For biomass conversion, the 1974 FEA Solar Task Force estimated 
capital costs of $10,000-$30,000 per daily barrel equivalent— toward the lower part of this 
range for most agricultural projects. Currently available wind-electric systems require total- 
system investment as high as about $200,000 per delivered daily barrel, with much improve­
ment in store As for transitional technologies, the Stal-Laval fluidized-bed gas-turbine system, 
complete with district-heating network and heat-pumps (coefficient of performance = 2), would 
cost about $30,000 per delivered daily barrel equivalent. See Lovins, op. cit., footnote 7.
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would thus minimize his own— and society’s— long-term costs. The 
utility would have to raise several times less capital than it would 
without such a scheme— for otherwise it would have to build new 
electric or synthetic-gas capacity at even higher cost— and would turn 
over its money at least twice as quickly, thus retaining an attractive 
rate of return on capital. The utility would also avoid social obsoles­
cence and use its existing infrastructure. Such incentives have already 
led several U.S. gas utilities to use such a capital-transfer scheme to 
finance roof insulation.
Next, the two paths differ even more in risks than in costs. The hard 
path entails serious environmental risks, many of which are poorly 
understood and some of which have probably not yet been thought of. 
Perhaps the most awkward risk is that late in this century, when it is 
too late to do much about it, we may well find climatic constraints on 
coal combustion about to become acute in a few more decades: for it 
now takes us only that long, not centuries or millennia, to approach 
such outer limits. The soft path, by minimizing all fossil-fuel combus­
tion, hedges our bets. Its environmental impacts are relatively small, 
tractable and reversible.30
The hard path, further, relies on a very few high technologies 
whose success is by no means assured. The soft path distributes the 
technical risk among very many diverse low technologies, most of 
which are already known to work well. They do need sound engineer­
ing— a solar collector or heat pump can be worthless if badly de­
signed— but the engineering is of an altogether different and more 
forgiving order than the hard path requires, and the cost of failure is 
much lower both in potential consequences and in number of people 
affected. The soft path also minimizes the economic risks to capital in 
case of error, accident or sabotage; the hard path effectively max­
imizes those risks by relying on vulnerable high-technology devices 
each costing more than the endowment of Harvard University. F i­
nally, the soft path appears generally more flexible— and thus robust. 
Its technical diversity, adaptability, and geographic dispersion make 
it resilient and offer a good prospect of stability under a wide range of 
conditions, foreseen or not. The hard path, however, is brittle; it must 
fail, with widespread and serious disruption, if any of its exacting 
technical and social conditions is not satisfied continuously and indef­
initely.
30 See A. B. Lovins, “Long-Term Constraints on Human Activity,” Environmental Conservation 
j, 1:3-14 (1976) (Geneva) ; “Some Limits to Energy Conversion,” Limits to Growth 1975 Confer­
ence (The Woodlands, Texas), October 20, 1975 (to be published in conference papers). The en­
vironmental and social impacts of solar technologies are being assessed in a study coordinated 
by J W. Benson (ERDA Solar Division), to be completed autumn 1976.
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VIII
The soft path has novel and important international implications. 
Just as improvements in end-use efficiency can be used at home (via 
innovative financing and neighborhood self-help schemes) to lessen 
first the disproportionate burden of energy waste on the poor, so can 
soft technologies and reduced pressure on oil markets especially bene­
fit the poor abroad. Soft technologies are ideally suited for rural vil­
lagers and urban poor alike, directly helping the more than two bil­
lion people who have no electric outlet nor anything to plug into it but 
who need ways to heat, cook, light and pump. Soft technologies do not 
carry with them inappropriate cultural patterns or values; they cap­
italize on poor countries’ most abundant resources (including such 
protein-poor plants as cassava, eminently suited to making fuel alco­
hols), helping to redress the severe energy imbalance between tem­
perate and tropical regions; they can often be made locally from local 
materials and do not require a technical elite to maintain them; they 
resist technological dependence and commercial monopoly; they con­
form to modern concepts of agriculturally based eco-development 
from the bottom up, particularly in the rural villages.
Even more crucial, unilateral adoption of a soft energy path by the 
United States can go a long way to control nuclear proliferation—  
perhaps to eliminate it entirely. Many nuclear advocates have missed 
this point: believing that there is no alternative to nuclear power, they 
say that if the United States does not export nuclear technology, others 
will, so we might as well get the business and try to use it as a lever 
to slow the inevitable spread of nuclear weapons to nations and sub­
national groups in other regions. Yet the genie is not wholly out of the 
bottle yet— thousands of reactors are planned for a few decades hence, 
tens of thousands thereafter— and the cork sits unnoticed in our hands.
Perhaps the most important opportunity available to us stems from 
the fact that for at least the next five or ten years, while nuclear de­
pendence and commitments are still reversible, all countries will con­
tinue to rely on the United States for the technical, the economic, and 
especially the political support they need to justify their own nuclear 
programs. Technical and economic dependence is intricate and per­
vasive ; political dependence is far more important but has been almost 
ignored, so we do not yet realize the power of the American example 
in an essentially imitative world Where public and private divisions 
over nuclear policy are already deep and grow deeper daily.
The fact is that in almost all countries the domestic political base to 
support nuclear power is not solid but shaky. However great their
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nuclear ambitions, other countries must still borrow that political sup­
port from the United States. Few are succeeding. Nuclear expansion 
is all but halted by grass-roots opposition in Japan and the Nether­
lands; has been severely impeded in West Germany, France, Switzer­
land, Italy and Austria; has been slowed and may soon be stopped in 
Sweden; has been rejected in Norway and (so far) Australia and New 
Zealand, as well as in two Canadian Provinces; faces an uncertain 
prospect in Denmark and many American states; has been widely 
questioned in Britain, Canada and the U.S.S.R.31; and has been op­
posed in Spain, Brazil, India, Thailand and elsewhere.
Consider the impact of three prompt, clear U.S. statements:
—  The United States will phase out its nuclear power program32 
and its support of others’ nuclear power programs.
—  The United States will redirect those resources into the tasks of 
a soft energy path and will freely help any other interested coun­
tries to do the same, seeking to adapt the same broad principles 
to others’ needs and to learn from shared experience.
—  The United States will start to treat nonproliferation, control of 
civilian fission technology, and strategic arms reduction as inter­
related parts of the same problem with intertwined solutions.
I believe that such a universal, nondiscriminatory package of pol­
icies would be politically irresistible to North and South, East and 
West alike. It would offer perhaps our best chance of transcending the 
hypocrisy that has stalled arms control: by no longer artificially di­
vorcing civilian from military nuclear technology, we would recog­
nize officially the real driving forces behind proliferation; and we 
would no longer exhort others not to acquire bombs while claiming 
that we ourselves feel more secure with bombs than without them.
Nobody can be certain that such a package of policies, going far 
beyond a mere moratorium, would work. The question has received 
far too little thought, and political judgments differ. My own, based 
on the past nine years’ residence in the midst of the European nuclear 
debate, is that nuclear power could not flourish there if the United 
States did not want it to.33 In giving up the export market that our
31 Recent private reports indicate the Soviet scientific community is deeply split over the 
wisdom of nuclear expansion. See also Nucleonics Week, May 13, 1976, pp. 12-13.
32 Current overcapacity, capacity under construction, and the potential for rapid conservation 
and cogeneration make this a relatively painless course, whether nuclear generation is merely 
frozen or phased out altogether. For an illustration (the case of California), see R. Doctor 
et al., Sierra Club Bulletin, May 1976, pp. 4ff. I believe the same is true abroad. See Introduc­
tion to Non-Nuclear Futures by A. B. Lovins and J. H. Price, Cambridge, Mass.: FOE/Ballinger, 
I97S-33 See Nucleonics Week, May 6, 1976, p. 7, and I. C. Bupp and J.-C. Derian, “Nuclear Re­
actor Safety: The Twilight of Probability,” December 1975. Bupp, after a detailed study of 
European nuclear politics, shares this assessment.
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own reactor designs have dominated, we would be demonstrating a 
desire for peace, not profit, thus allaying legitimate European com­
mercial suspicions. Those who believe such a move would be seized 
upon gleefully by, say, French exporters are seriously misjudging 
French nuclear politics. Skeptics, too, have yet to present a more 
promising alternative— a credible set of technical and political mea­
sures for meticulously restricting to peaceful purposes extremely large 
amounts of bomb materials which, once generated, will persist for the 
foreseeable lifetime of our species.
I am confident that the United States can still turn off the tech­
nology that it originated and deployed. By rebottling that genie we 
could move to energy and foreign policies that our grandchildren can 
live with. No more important step could be taken toward revitalizing 
the American dream.
IX
Perhaps the most profound difference between the soft and hard 
paths is their domestic sociopolitical impact. Both paths, like any 50- 
year energy path, entail significant social change. But the kinds of 
social change needed for a hard path are apt to be much less pleasant, 
less plausible, less compatible with social diversity and personal free­
dom of choice, and less consistent with traditional values than are the 
social changes that could make a soft path work.
It is often said that, on the contrary, a soft path must be repressive; 
and coercive paths to energy conservation and soft technologies can 
indeed be imagined. But coercion is not necessary and its use would 
signal a major failure of imagination, given the many policy instru­
ments available to achieve a given technical end. W hy use penal legis­
lation to encourage roof insulation when tax incentives and education 
(leading to the sophisticated public understanding now being 
achieved in Canada and parts of Europe) will do? Policy tools need 
not harm life-styles or liberties if chosen with reasonable sensitivity.
In contrast to the soft path’s dependence on pluralistic consumer 
choice in deploying a myriad of small devices and refinements, the 
hard path depends on difficult, large-scale projects requiring a major 
social commitment under centralized management. We have noted in 
Section II*the extraordinary capital intensity of centralized, elec­
trified high technologies. Their similarly heavy demands on other 
scarce resources— skills, labor, materials, special sites— likewise can­
not be met by market allocation, but require compulsory diversion 
from whatever priorities are backed by the weakest constituencies. 
Quasi-warpowers legislation to this end has already been seriously
Section II" should be "Section III"
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proposed. The hard path, sometimes portrayed as the bastion of free 
enterprise and free markets, would instead be a world of subsidies, 
$ioo-billion bailouts, oligopolies, regulations, nationalization, em­
inent domain, corporate statism.
Such dirigiste autarchy is the first of many distortions of the polit­
ical fabric. While soft technologies can match any settlement pattern, 
their diversity reflecting our own pluralism, centralized energy 
sources encourage industrial clustering and urbanization. While soft 
technologies give everyone the costs and benefits of the energy system 
he chooses, centralized systems allocate benefits to surburbanites and 
social costs to politically weaker rural agrarians. Siting big energy 
systems pits central authority against local autonomy in an increas­
ingly divisive and wasteful form of centrifugal politics that is already 
proving one of the most potent constraints on expansion.
In an electrical world, your lifeline comes not from an understand­
able neighborhood technology run by people you know who are at 
your own social level, but rather from an alien, remote, and perhaps 
humiliatingly uncontrollable technology run by a faraway, bureau­
cratized, technical elite who have probably never heard of you. Deci­
sions about who shall have how much energy at what price also be­
come centralized— a politically dangerous trend because it divides 
those who use energy from those who supply and regulate it.
The scale and complexity of centralized grids not only make them 
politically inaccessible to the poor and weak, but also increase the like­
lihood and size of malfunctions, mistakes and deliberate disruptions. 
A  small fault or a few discontented people become able to turn off a 
country. Even a single rifleman can probably black out a typical city 
instantaneously. Societies may therefore be tempted to discourage 
disruption through stringent controls akin to a garrison state. In times 
of social stress, when grids become a likely target for dissidents, the 
sector may be paramilitarized and further isolated from grass-roots 
politics.
If the technology used, like nuclear power, is subject to technical 
surprises and unique psychological handicaps, prudence or public 
clamor may require generic shutdowns in case of an unexpected type 
of malfunction: one may have to choose between turning off a country 
and persisting in potentially unsafe operation. Indeed, though many 
in the $ioo-billion quasi-civilian nuclear industry agree that it could 
be politically destroyed if a major accident occurred soon, few have 
considered the economic or political implications of putting at risk 
such a large fraction of societal capital. How far would governments 
go to protect against a threat— even a purely political threat— a basket
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full of such delicate, costly and essential eggs? Already in individual 
nuclear plants, the cost of a shutdown— often many dollars a second—  
weighs heavily, perhaps too heavily, in operating and safety decisions.
Any demanding high technology tends to develop influential and 
dedicated constituencies of those who link its commercial success with 
both the public welfare and their own. Such sincerely held beliefs, 
peer pressures, and the harsh demands that the work itself places on 
time and energy all tend to discourage such people from acquiring a 
similarly thorough knowledge of alternative policies and the need to 
discuss them. Moreover, the money and talent invested in an electrical 
program tend to give it disproportionate influence in the counsels of 
government, often directly through staff-swapping between policy- 
and mission-oriented agencies. This incestuous position, now well de­
veloped in most industrial countries, distorts both social and energy 
priorities in a lasting way that resists political remedy.
For all these reasons, if nuclear power were clean, safe, economic, 
assured of ample fuel, and socially benign per se, it would still be 
unattractive because of the political implications of the kind of energy 
economy it would lock us into. But fission technology also has unique 
sociopolitical side-effects arising from the impact of human fallibility 
and malice on the persistently toxic and explosive materials in the 
fuel cycle. For example, discouraging nuclear violence and coercion 
requires some abrogation of civil liberties34; guarding long-lived 
wastes against geological or social contingencies implies some form of 
hierarchical social rigidity or homogeneity to insulate the technolog­
ical priesthood from social turbulence; and making political decisions 
about nuclear hazards which are compulsory, remote from social ex­
perience, disputed, unknown, or unknowable, may tempt governments 
to bypass democratic decision in favor of elitist technocracy.85
Even now, the inability of our political institutions to cope with 
nuclear hazard is straining both their competence and their perceived 
legitimacy. There is no scientific basis for calculating the likelihood 
or the maximum long-term effects of nuclear mishaps, or for guar­
anteeing that those effects will not exceed a particular level; we know 
only that all precautions are, for fundamental reasons, inherently im­
perfect in essentially unknown degree. Reducing that imperfection 
would require much social engineering whose success would be spec­
ulative. Technical success in reducing the hazards would not reduce, 
and might enhance, the need for such social engineering. The most
34 R. Ayres, 10 Harvard Civil Rights-Civil Liberties Law Review, Spring 1975, pp. 369-443;
J. H. Barton, “ Intensified Nuclear Safeguards and Civil Liberties,” report to USNRC, Stanford 
Law School, October 21, 1975.
85 H. P. Green, 43 George IV ashington Law Review, March 1975, pp. 791-807.
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attractive political feature of soft technologies and conservation— the 
alternatives that will let us avoid these decisions and their high polit­
ical costs— may be that, like motherhood, everyone is in favor of them.
x
Civilization in this country, according to some, would be incon­
ceivable if we used only, say, half as much electricity as now. But that 
is what we did use in 1963, when we were at least half as civilized as 
now. What would life be like at the per capita levels of primary en­
ergy that we had in 1910 (about the present British level) but with 
doubled efficiency of energy use and with the important but not very 
energy-intensive amenities we lacked in 1910, such as telecommunica­
tions and modern medicine? Could it not be at least as agreeable as 
life today? Since the energy needed today to produce a unit of G N P  
varies more than ioo-fold depending on what good or service is being 
produced, and since G N P  in turn hardly measures social welfare, 
why must energy and welfare march forever in lockstep? Such ques­
tions today can be neither answered nor ignored.
Underlying energy choices are real but tacit choices of personal 
values. Those that make a high-energy society work are all too ap­
parent. Those that could sustain life-styles of elegant frugality are not 
new; they are in the attic and could be dusted off and recycled. Such 
values as thrift, simplicity, diversity, neighborliness, humility and 
craftsmanship— perhaps most closely preserved in politically conser­
vative communities— are already, as we see from the ballot box and the 
census, embodied in a substantial social movement, camouflaged by 
its very pervasiveness. Offered the choice freely and equitably, many 
people would choose, as Herman Daly puts it, “growth in things that 
really count rather than in things that are merely countable” : choose 
not to transform, in Duane Elgin’s phrase, “ a rational concern for 
material well-being into an obsessive concern for unconscionable 
levels of material consumption.”
Indeed, we are learning that many of the things we had taken to be 
the benefits of affluence are really remedial costs, incurred in the pur­
suit of benefits that might be obtainable in other ways without those 
costs. Thus much of our prized personal mobility is really involuntary 
traffic made necessary by the settlement patterns which cars create. Is 
that traffic a cost or a benefit?
Pricked by such doubts, our inflated craving for consumer ephem- 
erals is giving way to a search for both personal and public purpose, 
to reexamination of the legitimacy of the industrial ethic. In the new 
age of scarcity, our ingenious strivings to substitute abstract (therefore
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limitless) wants for concrete (therefore reasonably bounded) needs 
no longer seem so virtuous. But where we used to accept unquestion- 
ingly the facile (and often self-serving) argument that traditional 
economic growth and distributional equity are inseparable, new moral 
and humane stirrings now are nudging us. We can now ask whether 
we are not already so wealthy that further growth, far from being 
essential to addressing our equity problems, is instead an excuse not to 
mobilize the compassion and commitment that could solve the same 
problems with or without the growth.
Finally, as national purpose and trust in institutions diminish, gov­
ernments, striving to halt the drift, seek ever more outward control. 
We are becoming more uneasily aware of the nascent risk of what a 
Stanford Research Institute group has called . . ‘friendly fascism’—  
a managed society which rules by a faceless and widely dispersed com­
plex of warfare-welfare-industrial-communications-police bureaucra­
cies with a technocratic ideology.” In the sphere of politics as of 
personal values, could many strands of observable social change be 
converging on a profound cultural transformation whose implications 
we can only vaguely sense: one in which energy policy, as an integrat­
ing principle, could be catalytic?36
It is not my purpose here to resolve such questions— only to stress 
their relevance. Though fuzzy and unscientific, they are the begin­
ning and end of any energy policy. Making values explicit is essential 
to preserving a society in which diversity of values can flourish.
Some people suppose that a soft energy path entails mainly social 
problems, a hard path mainly technical problems, so that since in the 
past we have been better at solving the technical problems, that is 
the kind we should prefer to incur now. But the hard path, too, in­
volves difficult social problems. We can no longer escape them; we 
must choose which kinds of social problems we want. The most impor­
tant, difficult, and neglected questions of energy strategy are not 
mainly technical or economic but rather social and ethical. They will 
pose a supreme challenge to the adaptability of democratic institutions 
and to the vitality of our spiritual life.
xr
These choices may seem abstract, but they are sharp, imminent and 
practical. We stand at a crossroads: without decisive action our op­
tions will slip away. Delay in energy conservation lets wasteful use 
run on so far that the logistical problems of catching up become in-
36 W. W. Harman, An Incomplete Guide to the Future, Stanford Alumni Association, 1976.
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superable. Delay in widely deploying diverse soft technologies pushes 
them so far into the future that there is no longer a credible fossil-fuel 
bridge to them: they must be well under way before the worst part of 
the oil-and-gas decline. Delay in building the fossil-fuel bridge makes 
it too tenuous: what the sophisticated coal technologies can give us, 
in particular, will no longer mesh with our pattern of transitional 
needs as oil and gas dwindle.
Yet these kinds of delay are exactly what we can expect if we con­
tinue to devote so much money, time, skill, fuel and political will to 
the hard technologies that are so demanding of them. Enterprises like 
nuclear power are not only unnecessary but a positive encumbrance 
for they prevent us, through logistical competition and cultural in­
compatibility, from pursuing the tasks of a soft path at a high enough 
priority to make them work together properly. A  hard path can make 
the attainment of a soft path prohibitively difficult, both by starving its 
components into garbled and incoherent fragments and by changing 
social structures and values in a way that makes the innovations of a 
soft path more painful to envisage and to achieve. As a nation, there­
fore, we must choose one path before they diverge much further. In­
deed, one of the infinite variations on a soft path seems inevitable, 
either smoothly by choice now or disruptively by necessity later; and 
I fear that if we do not soon make the choice, growing tensions be­
tween rich and poor countries may destroy the conditions that now 
make smooth attainment of a soft path possible.
These conditions will not be repeated. Some people think we can 
use oil and gas to bridge to a coal and fission economy, then use that 
later, if we wish, to bridge to similarly costly technologies in the hazy 
future. But what if the bridge we are now on is the last one? Our past 
major transitions in energy supply were smooth because we subsidized 
them with cheap fossil fuels. Now our new energy supplies are ten or 
a hundred times more capital-intensive and will stay that way. If our 
future capital is generated by economic activity fueled by synthetic 
gas at $25 a barrel-equivalent, nuclear electricity at $60-120 a barrel- 
equivalent, and the like, and if the energy sector itself requires much 
of that capital just to maintain itself, will capital still be as cheap and 
plentiful as it is now, or will we have fallen into a “ capital trap” ? 
Wherever we make our present transition to, once we arrive we may 
be stuck there for a long time. Thus if neither the soft nor the hard 
path were preferable on cost or other grounds, we would still be wise 
to use our remaining cheap fossil fuels— sparingly— to finance a tran­
sition as nearly as possible straight to our ultimate energy-income 
sources. We shall not have another chance to get there.
NATIONAL ENERGY CONFERENCE
Citing what it called "insufficient development of reliable domes­
tic energy sources___and insufficient energy conservation programs",
the United States Senate last month approved a Joint Congressional 
Resolution (S.J. Res. 206) calling on the President to convene a Na­
tional Leadership Energy Conference during the 1977 calendar year. 
The National Energy Conference, to be attended by individuals con­
cerned with various aspects of the nation's search for an energy poli­
cy -- including public officials from the federal, state, and local 
level; public utility executives; scientists and engineers active in 
energy research and development programs; representatives of major in­
dustries; and officials from consumer, environmental, and labor orga­
nizations -- will be charged with the responsibility of developing 
"specific proposals to increase the supply of energy from reliable 
sources with minimum impact on the environment, and decrease domestic 
energy demand in ways not harmful to America's economic recovery." By 
almost any standard, a very tall order!
DEVELOPMENT VS. CONSERVATION DISPUTE
Conceived by a Congressional Democratic Leadership discontented 
with Republican energy policies, the proposed energy conference would 
attempt to reconcile the present impasse which exists between the two 
parties. Essentially, the debate centers around what has come to be 
called the development/conservation dispute; that is, whether the na­
tion should go all out to develop its fossil fuel resources -- oil, 
gas, and coal -- or whether it should urge a strong, and perhaps man­
datory, energy conservation program on a nation which, most admit, 
wastes a good deal of the power it produces.
"The Ford people want to decontrol the price of oil in order to 
increase corporate profits and encourage business to spend more for 
oil and gas exploration," explained a Washington area scientist. "The 
Democrats in Congress -- and apparently their Presidential nominee 
(GOVERNMENT R&D REPORT: Vol.VI/No.5) -- want to conserve our resources 
with some even urging a fuel rationing program."
And, to make matters all the more complex, at least two federal 
agencies -- the Energy Research and Development Administration (ERDA), 
and the Council on Environmental Quality (CEQ) -- have entered the 
fray, albeit on opposite ends. ERDA officials, bolstered by the voic­
es of industry officials, claim that even the best of energy conserva­
tion programs will not make the United States less dependent on for­
eign fuels. CEQ leaders, supported by many Democratic Congressional 
figures and an army of public-interest and environmental groups, cite 
figures to demonstrate their contention that a comprehensive national 
energy conservation program would be as effective as a national policy 
aimed at further development of the nation's fossil fuel (and nuclear) 
resources.
INDUSTRIAL POSITION
Already, as if in anticipation of the recent Congressional action 
calling for a 1977 national energy conference, industry officials have 
begun to sharpen their attacks on the pro-energy conservation argu­
ments. The industrial message, in short, is that the nation's econom­
ic recovery will be slowed unless Congress enacts legislation encour­
aging the development of the nation's coal, natural gas, and oil re­
serves in addition to continued support of the nuclear power industry.
Thus, speaking before a packed house at a recent Washington-based 
international energy conference sponsored by the Electric Power Re­
search Institute (EPR1), John Winger, Vice-President and chief of the 
Energy Economics Division of New York's Chase Manhattan Bank, criti­
cized those who claim that the United States is grossly wasteful of 
energy and suggested that "in the future, we're going to have to allo­
cate a larger proportion of our natural resources to the development 
of an adequate supply of energy."
"We must pay the price," Winger continued. "If we're unwilling to 
pay that price, I think we're going to have to pay a greater price in 
terms of unemployment and economic problems that we will otherwise in­
herit."
Hence, Winger concluded, "while there is no doubt in my mind that 
we will find ways and means of saving energy, we must be realistic and 
recognize that the scope of further gains (through energy conserva­
tion) is not nearly as great as some might suspect."
CONSERVATIONIST POSITION
Reacting to the Winger statement, and the comments of others who 
attended the May EPRI meeting, an executive with the Council on Envi­
ronmental Quality (CEQ), the White House environmental advisory unit 
whose report, critical of ERDA's alleged lack of a comprehensive na­
tional energy conservation program (GOVERNMENT R&D REPORT: Vol.IV/No.2 
and Vol.VI/No.4), is soon to be published, criticized industry offi­
cials for what he termed "self-serving statements".
"Everyone knows that there is much more profit to be made in an 
energy development program than in one designed to conserve fuel," ex­
plained this official, who refused to be identified. "And," he con­
tinued, "everyone also knows that when it comes to the energy conser­
vation research and development business, the big energy industries 
are doing very little; it's the small companies which are making most 
of the real progress, if very little of the money."
OUTLOOK
In calling for a National Energy Conference -- to be scheduled by 
the next President after his January inaugeration -- the Congress is 
hoping that a compromise between these two increasingly hostile groups 
will emerge.
"The country has been without a comprehensive national energy pol­
icy for too long," said one Senate aide. "The controversy (between 
developers and conservationists) is really just starting to heat up. 
And, it looks like things are going to get much worse before they get 
much better."
From Government R&D Report, Vol. VI/No. 6, Oct. 1, 1976
r
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GLOSSARY
AEC - Atomic Energy Commission (Reorganized by the National Energy Reorgan­
ization Act of 1974 into the Nuclear Regulatory Commission (NRC) and the 
Energy Research and Development Administration (ERDA) ).
ASHRAE - American Society of Heating, Refrigerating, and Air-Conditioning 
Engineers.
ASME - American Society of Mechanical Engineers.
ACRE-FOOT - A quantity of water that would cover 1 acre, 1 foot deep. Con­
tains 43,560 cubic feet, 1,233 cubic meters, 325,870 gallons (U.S.). One 
acre-foot of water can satisfy the municipal and industrial energy demands 
of four people for 1 year.
AIR POLLUTION - To make physically impure or unclean, to contaminate an 
environment with man-made waste. The primary cause of air-pollution is 
the burning of fossil fuels in homes, cars, factories and in power plants.
ALLOCATION - The apportionment of shares of fuel or electricity (based on 
availability, estimated rates of consumption, and priority of use).
ALTERNATING CURRENT - (AC) - An electric current whose direction is 
reversed at regular intervals. Electric power in the United States alter­
nates with a frequency of 60 hertz, or cycles per second. Some foreign 
nations use 50 hertz.
ANTHRACITE - "Hard Coal" - generally lies deeper in the earth than bituminous. 
Nearly all the anthracite in the United States is found in eastern Pennsyl­
vania. Small beds of this hard coal are also located in Alaska, Arkansas, 
Colorado, New Mexico, Virginia, and Washington. Most of the anthracite is 
used as a fuel in household heating systems. When anthracite burns, it 
produces almost no smoke. It sells for a higher price than bituminous 
coal, although the heating value of anthracite is slightly less than that 
of the better grades of bituminous coal.
ASH - The amount of inorganic, nonvolatile matter which remains after com­
plete burning of a combustible material.
ATOMIC ENERGY - The energy released by a nuclear reaction or by radioactive 
decay. (See radioactivity, fission, fusion, nuclear reactors).
BBL - Barrel
BBL/Day - Barrels per day.
BTU (or Btu) - British Thermal Unit.
BWR - Boiling Water Reactor.
BACKUP - Reserve generating capacity of a power system.
BARREL (bbl) - A liquid measure of oil, usually crude oil, equal to 42 
American gallons or about 306 pounds. One barrel equals 5.6 cubic feet 
or 0.159 cubic meters. For crude oil 1 bbl is about 0.136 metric tons,
0.134 long tons, and 0.150 short tons. The energy values of petroleum 
products per barrel are: crude petroleum 5.6 million Btu/bbl; residual 
fuel oil-6.29; distillate fuel oil - 5.83; gasoline - 5.25; jet fuel 
(kerosene type) - 5.67; jet fuel (naptha type) - 5.36; kerosene - 5.67; 
petroleum coke - 6.02; and asphalt - 6.64.
BARRELS PER DAY OIL EQUIVALENT (B/DOE) - A measurement applied to energy sources 
other than oil for the purpose of making more direct comparisons.
BASE LOAD - The minimum load of utility (electric or gas) over a given period 
of time.
BASE LOAD STATION - A station which is normally operated to take all or part 
of the base load of a system and which, consequently, operates essentially at 
a high load factor.
BITUMINOUS COAL -"SOFT COAL" - The most important and the most plentiful rank 
(type) of coal. It is the chief fuel in plants that generate electricity with 
steam. It also has other important industrial uses. It provides coke for the 
steel industry, and is the raw material for thousands of coke by-products 
including gas, light oils, and chemicals. Bituminous coal is also used to 
produce aluminum, cement, food, paper, and textiles. People use bituminous 
coal to heat homes and buildings.
Large deposits of bituminous coal are found in many states of the Union, 
both east and west of the Mississippi River. The most important bituminous 
coal beds in the U.S. are located in an area west of the Appalachian Mts. This 
region extends from Ohio and Pennsylvania southwest to Alabama. Nearly 3 of 
every 4 tons of bituminous coal mined in the U.S. each year come from this 
eastern coal area.
BLACKOUTS - The failure of an electric power system, often caused by storm 
damage or equipment failure. Blackouts frequently occur as the result of 
power shortages which overload utility equipment.
BOILING WATER - A type of nuclear power plant. Water is heated as it passes up 
through the reactor. Steam is drawn off the top of the reactor vessel and flows 
into a turbine. The least expensive to build but the plant must be relatively 
large.
BREEDER REACTOR - A nuclear reactor so designed that it converts more uranium 
238 or thorium into useful nuclear fuel than the uranium-235 or plutonium which 
it uses. The new fissionable materials are created by capture in the fertile 
materials of neutrons from the fission process. There are three types of breeder 
reactors; the liquid metal fast breeder (LMFBR); the gas cooled fast breeder 
(GCBR); and the molten salt breeder (MSBR).
BRITISH THERMAL UNIT (BTU) - The quantity of heat necessary to raise the tempera­
ture of one pound of water one degree Fahrenheit. One BTU equals 252 calories,
778 foot-pounds, 1055 joules and 0.293 watt-hours.
BROWNOUTS - During periods of acute power shortage, utilities reduce the voltage 
on the power lines so that the amount of power delivered to each customer is 
reduced. Voltage reductions (known as brownouts) can lower the performance of 
some electrical appliances and equipment. Brownouts are measures of despera­
tion and are an undesirable solution to a power shortage.
BUNKER "C" FUEL OIL - A heavy residual fuel oil used by ships, industry, and for 
large-scale heating installations. In industry it is often referred to as No.#6 
fuel.
"BUNKERING" - The term used to denote a ship's taking on of fuel for use in its own 
engines.
° C - Degree Centigrade
CFM - Cubic feet per minute.
CFS - Cubic feet per second.
CPS - Cycles per second.
CALORIE - A unit of heat energy equal to the amount of heat that will raise 
the temperature of one gram of water degree centigrade, (cal.) The calorie 
is used when temperature is measured on the Centigrade scale, while the 
British thermal unit is used when the measurement is on the Fahrenheit scale.
One calorie equals 3.97 x 1CP Btu, 4.18 joules, and 1.16 x 103 watt-hours.
For energy issues, the usual term is the kilocalorie, or 1000 calories.
CHAIN REACTION - A nuclear reaction that stimulates its own repetition. In 
a fission chain reaction, a fissionable nucleus absorbs a neutron and fissions,
(split), releasing additional neutrons. These in turn can be absorbed by other 
fissionable nuclei, releasing still more neutrons. A fission chain reaction is 
self-sustaining when the number of neutrons released equals or exceeds the 
number of neutrons lost by absorption in nonfissionable material or by escape 
from the system.
CHAR - The solid carbonaceous residue that results from incomplete combustion of 
organic material. It can be burned for its energy content or, if free from 
large amounts of impurities, processed further for production of activated 
carbon for use as a filtering medium. Char produced from coal is generally 
called coke, while that produced from wood or bone is called charcoal.
CHAR-OIL PROCESS (COED) - A process being developed by the Office of Coal Research 
for low-temperature distillation of coal carbonization products. The process 
is designed to produce clean liquids, gases and char for fuel, with the 
product balance depending upon economic factors.
CHEMICAL ENERGY - Wood, coal, oil, gas, and food all provide chemical energy - 
the energy locked up in chemical molecules. When something is burned, the 
light and heat come not from destruction or disappearance of the fuel, but 
from chemical bonds which are being broken.
COAL - A soft black or brown rock formed under pressure from plant residues 
accumulated in swamps. Its ability to burn makes it one of the most useful 
rocks dug from the ground. Coal can be burned to heat buildings.
CRUDE (CRUDE, MINERAL OIL, CRUDE OIL, PETROLEUM, ROCK OIL) - A liquid of 
geological origin which comes out of the earth, consisting of hydrocarbons 
and relatively small amounts of sulfur, nitrogen, and oxygen in the form of 
derivatives of hydrocarbons. Crude is formed under pressure from residual 
plant matter accumulated in a swamp over a period of time. It may come from 
the earth with varying quantities of water, gas, and other organic matter.
CUBIC FOOT (cu. ft.) - The most common unit of measurement of gas required 
to fill a volume of one cubic foot under stated conditions of temperature, 
pressure, and water vapor. One cubic foot equals 28317.01 cubic centimeters;
1,728 cubic inches; 7.48 gallons (U.S.); and 28.31 liters. One cubic foot/ 
second equals 1.98 acre-feet/day; 448.8 gallons/minute; and 0.646 million 
gallons/day.
DEALER - A service station operator who leases a station from a major or a 
distributor.
DEGREE-DAY - Experience has shown that buildings require an inside temperature 
of approximately 70 degrees F. The amount of fuel or heat used per day is
proportional to the number of degrees the average outside temperature falls 
below 65 degrees F. The degree-day is based upon this principle.
The number of degree-days (65 degrees F. base) per day is the difference 
between 65 degrees F. and the daily mean temperature; when the latter is less 
than 65 degrees F. the number of degree days for a given day is thus equal to 
65 degrees F. minus (-) the daily mean temperature for that day, times (X) one 
(1) day. The number of degree-days for any longer period is the sum of all 
such products for as many as the period covers.
For example, the highest temperature recorded in Philadelphia on 
December 30, 1973 was 46 degrees F. and the lowest temperature was 34 degrees F. 
The daily mean temperature was therefore 46 + 34 or 40 degrees F. The number
2
of degree days for December 30, 1973 was thus (65 - 40) = 25. Carrying through 
this operation for each of the 31 days for December 1973, it is found that 
the number of degree days in Philadelphia for this month is 635.
DEMAND - The rate at which electric energy is delivered to or by a system 
or to a piece of equipment, expressed in kilowatts, kilovolt amperes, or 
other suitable unit at a given instant or average over any designated time. 
Likewise the rate at which natural gas or other fuel is delivered to a system.
DEMAND, AVERAGE - The demand on a system or any of its parts over an interval 
of time, determined by dividing the total energy supplied by the number of 
units of time in the interval,
DIESEL FUELS - Diesel Fuel is the petroleum fraction used as a fuel in diesel 
or compression ignition engines. Various qualities are marketed depending on 
the type of engine operated. The most important characteristic of diesel 
fuel, particularly 1-D and 2-D, is its ignition quality, since this controls 
its performance in the engine. Ignition quality is determined in an engine 
as the "cetane number". Volatility also affects engine performance and 
is generally controlled by the distillation range. Most diesel fuels fall 
in the range of 30 to 60 or 65 in cetane numbers.
DIRECT CURRENT (DC) - In a direct current, energy is carried by a continuous, 
undirectional flow of electrons through a conductor. The voltage of direct 
current cannot be changed with a transformer, thus making it unsuitable for 
local distribution of electricity. It can, however, be used under some 
circumstances for electric power transmission.
DIRECT ENERGY CONVERSION - The generation of electricity from an energy source 
in a manner that does not involve transference of energy to a working fluid.
Direct conversion methods have no moving parts and usually produce direct 
current. Some methods include thermoelectric conversion, thermionic conversion 
and magnetohydrodynamic conversion.
DISTILLATE FUEL OIL - Any fuel oil , gas oil, topped crude oil, or other petroleum 
oils, derived by refining or processing crude oil or unfinished oils, in 
whatever type of plant such refining or processing may occur, which has a boiling 
range at atmospheric pressure from 550 degrees to 1,200 degrees F.
ECCS - Emergency Core Cooling System. A system in a nuclear reactor which 
floods the reactor containment with water to dissipate the heat from the reactor 
when normal cooling water flow is lost.
ECPA - The Energy Conservation and Production Act of 1976,
EEI - Edison Electrical Institute. A national organization of investor owned 
electric utilities whose purpose is to promote the use of electrical energy.
EHV - Extra High Voltage
EIS - Environmental Impact Statement. Required under the National Environmental 
Protection Act (NEPA), an e x h a u s t i v e  analysis of the anticipated environmental 
effects that will result form the construction and operation of a proposed 
facility. Areas covered by the EIS include ecological effects, social and 
economic impacts and justification of the need for the facility, as well as 
possible alternatives and methods for minimizing potential adverse impacts.
EPA - Environmental Protection Agency (U.S.)
EPCA - The Energy Policy and Conservation Act of 1975.
ERDA - Energy Research and Development Administration (U.S.).
EFFICIENCY - The attainable value of an energy converter based on the ratio 
of the useful energy delivered by the system to the energy supplied to it.
EFFICIENCY, THERMAL - Relating to heat, a percentage indicating the available 
Btu input that is converted to useful purposes. It is applied, generally, 
to combustion equipment. E = Btu Output
BTU Input
ELECTRICITY - A flow of electrically charged particles along a conductor.
ELECTRIC POWER TRANSMISSION - Energy may be transmitted through conductors 
as a flow of electrons under pressure. The flow is measured in amperes, and 
the pressure or electrical potential is measured in volts.
EMISSION CONTROLS - Anti-pollution controls applied to exhaust systems to 
reduce the outpouring of both hydrocarbons and carbon monoxide. See Catalytic 
Converter.
ENDOGENOUS RESOURCES - Those that are native to Maine (examples: solar, wood, 
wind, hydro, tidal).
END-USE - The destiny of intermediate forms of energy, e.g., fossil fuel 
may be converted to the intermediate (useful) form of mechanical energy 
which may have ultimate or end-use in transportation.
ENERGY - The capability of doing work. There are several forms of energy, 
including kinetic, potential, thermal, nuclear, rotational, and electromagnetic. 
One form of energy may be changed to another, such as burning coal to produce 
steam to drive a turbine which produces electricity.
Except for some hydroelectric and nuclear power, most of the world’s 
energy comes from energy in the form of fossil fuels, which are burned to 
produce heat.
The energy content of a system can be measured in many ways, such as 
measuring the speed and weight of an object; by measuring the temperature 
increase produced in water; or by measuring the current, voltage, and period 
of flow of electricity. Energy is also meaured in foot-pounds or Btu’s;
1 Btu = 778 ft. lbs.
ENERGY EFFICIENCY - The amount of useful work or product divided by the fuel 
or energy input. For example, in electrical generation it is the amount of 
electricity produced per unit of fuel consumed. For an air conditioner it 
is the amount of cooling provided per unit of electricity used.
ENERGY RESERVES - relate to that part of total resources that have been 
identified and are generally recoverable under existing economic and operating 
conditions. Reserve data given for a particular fuel must be carefully 
defined. Comparisons or summations of reserves in various energy forms 
are likely to be misleading. Following the United States Geological Survey’s 
method of classification according to the "degree of certainty that the 
resource exists" and the "feasibility of its economic recovery," comparability 
demands that these factors be balanced out or equated between and among the 
different fuel sources.
The portion of total energy resources available to meet short and 
intermediate term demand requirements is proved reserves. Coal is by far 
the most abundant energy source in this category.
ENERGY RESOURCES - relate to all materials potentially usable by man as an 
energy source. It includes estimates based on geological evidence for the 
portions still undiscovered and those whose exploitation will require more 
favorable economic conditions or better technology than now exists.
ENERGY SHORTAGE - This occurs when there is not a great enough supply of 
fuel to satisfy the demand for energy.
ENVIRONMENTAL IMPACT STATEMENTS - The analytical statements that balance
costs and benefits of a Federal decision. Required by the National Environmental
Policy Act. sec. 102(2) (c).
EXOGENOUS RESOURCES - Those originating from outside Maine’s borders, (examples: 
coal, oil, gas, uranium)
°F - Degree Fahrenheit
FEA - Federal Energy Administration (U.S.)
FEAA - Federal Energy Administration Act of 1974. This act established the 
Federal Energy Administration as a permanent agency and authorized them to 
continue the allocation programs of the FEO, and to seek solutions to the 
nation’s energy problem.
FEO - Federal Energy Office (now FEA)
FHA - Federal Housing Administration (U.S.)
FPC - Federal Power Commission (U.S.). Has the authority to regulate the 
interstate sales of electrical energy and natural gas.
FAST BREEDER REACTOR - A fast nuclear reactor that operates with neutrons at 
the fast speed of their initial emission from the fission process, and that 
produces more fissionable material than it consumes.
FISSION - The splitting of a heavy nucleus into two approximately equal 
parts (which are radioactive nuclei of lighter elements), accompanied by the 
release of a relatively large amount of energy and generally one or more 
neutrons. Fission can occur spontaneously, but usually is caused by nuclear 
absorption of neutrons or other particles.
FISSION POWER - Energy obtained by splitting complex atoms, as in present 
nuclear reactors.
FLAT-PLATE - A device used to collect solar energy. It consists of a metal 
plate painted black on the side that faces the sun, absorbing sunlight.
FLY ASH - Fine solid particles of noncombustible ash carried out of a chimney 
with waste gases.
FOSSIL FUEL - Any naturally occuring fuel of an organic nature, such as coal, 
crude oil, and natural gas.
FUEL - Any substance that can be burned to produce heat. Sometimes includes 
materials that can be fissioned in a chain reaction to produce heat. The 
energy content of common fuels are as follows:
1 Barrel (Bbl.) of Crude Oil = 5,800,000 Btu.
1 Cubic Foot (CF) of Natural Gas = 1,032 Btu.
1 Ton of Coal = 24,000,000 to 28,000,000 Btu.
Two Trillion Btu's per year are about equal to 1,000 barrels of crude 
oil per day.
FUEL CELL - A device for directly converting the energy released in a chemical 
reaction into electrical energy.
FUEL CYCLE - The series of steps involved in supplying fuel for nuclear power 
reactors. It includes mining, refining or uranium, fabrication of fuel 
elements, their use in a nuclear reactor, chemical processing to recover remaining 
fissionable material, reenrichment of the fuel, refabrication into new fuel 
elements, and waste storage.
FUEL OIL - Any liquid or liquefiable petroleum product that is burned for the 
generation of heat or the generation of power in an engine. The following 
are the various classes of fuel oils:
1. Residual Fuel Oils - This is the bottom of the crude oil barrel that 
cannot be further refined. They are viscous residums and must be 
heated to temperatures of 120 degrees - 200 degrees F. for atomi­
zation in burners.
2. Distillate Fuels - These are distillates derived directly or 
indirectly from crude oil.
3. Blended Fuels - Known as #3, #4, or #5,or which are produced by 
blending Residual and Middle Distillate.
FURNACE OIL - A distillate fuel primarily intended for use in domestic heating 
equipment.
FUSION (OR THERMONUCLEAR POWER) - The formation of a heavier nucleus from two 
lighter ones, such as hydrogen isotopes, with the attendant release of energy.
The reaction produces hydrogen bomb explosions and is the energy source of 
the sun and other stars. It has been described as the "No. 1 Holy Grail" 
and the "Last Dutchman Mine" of atomic science. Most scientists agree that 
it will eventually provide an ultimate source of clean, cheap, and inexhaustible 
energy, but estimates of the time needed for its development vary from 10 to 
100 years.
Advantages are: no radioactive wastes are produced as a result of the 
fuel cycle. They also produce less thermal pollution than fission reactors.
FUSION POWER - Energy obtained by combining simple atoms of hydrogen isotopes.
This is the source of the sun’s enormous heat.
GAL. - Gallon
GPD - Gallons per day.
GPM - Gallons per minute.
GALLON - A unit of measure. A U.S. gallon contains 231 cu. in., 0.133 cubic 
feet, or 3.785 liters. It is 0.83 times the imperial gallon. One U.S. gallon 
of water weighs 8.3 lb.
GAS - There are several types of gases. They consist of methane, ethane, 
propane, and butane. The first two are used as refinery fuel gas, or may be 
supplied, together with other refinery gases, for making town gas, or natural 
gas. Propane and butane may be liquefied by compression and marketed as petroleum 
gases (L.P.G.). Butane may also be incorporated in motor gasoline.
GAS, MANUFACTURED - A gas obtained by destructive distillation of coal, or 
by the thermal decomposition of oil, or by the reaction of steam passing 
through a bed of heated coal or coke. Examples are coal gases, coke oven 
gases, producer gas, blast furnace gas, blue (water) gas, carbureted water 
gas. BTU content varies widely.
GAS, NATURAL - A naturally occurring mixture of hydrocarbon. Gases found in 
porous geologic formations beneath the earth’s surface, often in association 
with petroleum. The principal constituent is methane.
GAS, LIQUIFIED (LNG) - A clear, flammable liquid both tasteless and odorless. Its 
normal temperature at atmospheric pressure is - 2 5 9  degrees F. It remains a 
liquid at 116 degrees F. and 673 pisa. Liquefied natural gas is almost pure 
methane. In volume it occupies 1/600 of the gas in vapor state.
GASIFICATION - Experiments have been conducted in the United States and other 
countries with a process of burning the coal in the mine to produce gas, then
piping the gas to the surface. The gas in turn can be used as a source of
heat to make electric power, or can be broken down into liquid fuels such as 
gasoline.
GASOLINE - A refined petroleum distillate, including naphtha, jet fuel or 
other petroleum oils (but not isoprene or cumene having a purity of 50 % 
or more by weight, or benzene which meets the ASTM distillation standards 
for nitration grade) derived by refining or processing crude oil or unfinished 
oils, in whatever type of plant such refining or processing may occur, and 
having a boiling range at atmospheric pressure from 80 degrees to 400 degrees F.
GAS TURBINE - A prime mover in which gas, under pressure or formed by combustion,
is directed against a series of turbine blades; the energy in the expanding
gas is converted into mechanical energy supplying power at the shaft.
GENERATION, ELECTRIC - The process of transforming other forms of energy into 
electric energy.
GENERATOR - A machine which takes power and changes it into electric energy.
GEOTHERMAL ENERGY - The energy available in the earth’s subsurface by extracting 
heat from three basic forms: 1) steam, 2) hot water, 3) hot rocks or near 
surface intrusions of volcanic molten rock.
GIGAWATT (GW) - 1,000,000 kilowatts, 1,000 megawatts.
GROSS NATIONAL PRODUCT (GNP) - The total market value of the goods and 
services produced by the Nation before the deduction of depreciation charges 
and other allowances for capital consumption; a widely used measure of economic 
activity.
HUD - Department of Housing and Urban Development (U.S.).
HALF-LIFE, RADIOACTIVE - Time required for a radioactive substance to lose 50% 
of its activity by decay. Each radionuclide has a unique half-life, ranging 
from small fractions of a second to thousands of years (plutonium, Pu 239).
HEAT - Added energy that causes substances to rise in temperature, melt , evaporate, 
expand, or undergo any various related changes.
HEAT PUMP - A device that takes heat from one area and delivers it to another 
area at a higher temperature. Used in home heating and cooling by reversing 
the flow of the fluid heat transfer medium through the heat exchanging 
apparatus.
HEATING VALUE - The amount of heet produced by the complete combustion of 
a unit quantity of fuel.
HERTZ - Cycles per Second. U.S. electrical supply has a frequency of 60 Hertz.
HIGH -SULFUR COAL - Generally, coal that contains more than one percent sulfur 
by weight.
HIGH TEMPERATURE GAS-COOLED NUCLEAR REACTOR (HTGR) - A nuclear reactor in which 
gases are used for the coolant, rather than water, thus making possible higher 
operating temperatures, and thereby, higher thermal efficiencies. The fuel 
mixture consists of enriched uranium and thorium. Helium is used as a coolant; 
it can be heated to a higher temperature yielding an overall thermal efficiency 
up to about 40%. HTGR’s are operating in Great Britain and the Soviet Union.
An HTGR planned for Colorado was cancelled due to technical problems.
HORSEPOWER (HP) - A standard unit of power equal to 746 watts in the U.S. One 
horsepower equals 2,545.08 Btu (mean)/hour, 330 foot-pounds/second.
HYDROELECTRIC PLANT - An electric power plant in which energy of falling water 
is converted into electricity by turning a turbine generator.
INDUSTRIAL SPACE - Space in buildings or other structures in which fabrication 
or other manufacturing is performed.
INSOLATION - See Solar Insolation.
INSULATION - Any material that provides a high resistance to the flow of heat 
from one surface to another. The different types are:
Blanket or Batt - These are constructed of mineral wool or glass fibers 
to a controlled density in continuous lengths and in various widths.
They are available with or without a vapor barrier attached.
Loose Fill - These are manufactured from mineral wool, glass fibers, 
wood fibers, or vermiculite granules. These materials are installed 
in existing houses by a Mowing machine or by hand pouring.
Foam - Chemical foam insulations are available in rigid boards and 
liquid spray foam. Foam insulations usually require no additional 
vapor barrier. The most common foam insulations are polystyrene and 
polyurethane foam.
JOULE - A unit of energy or work which is equivalent to one watt per second or 
0.737 foot-pounds.
KEROSINE (KEROSENE) - Kerosene is the general name applied to the group of 
refined petroleum fractions, distilling after gasoline, and overlapping into 
the light distillates and middle distillates. It is colorless, low in sulfur, 
does not burn with a smoky flame, and boils over the range of 350 degrees to 
525 degrees F. Different kerosines are called upon to burn under different 
conditions, so that variations in the properties can be expected. This means 
that, after being distilled, the kerosine is separated into different fractions 
according to boiling point, and subjected to further refining and treatment in 
order to remove all the undesirable constituents. Different fractions of kerosine 
are used for space heating (No.#l heating oil) and blended with gas oil to make 
No.#2 heating oil, for tractor fuel, for jet fuel, and for solvents. It was 
once called coal oil because of its origin.
KILOGRAM (KG) - The unit of weight in the metric system, equal to 1,000 grams 
or 2.2 lbs.
KILOTON (KT) - A measure of explosive force which originated in the early nuclear 
weapons program^ One kiloton represents the energy of 1 0 ^  calories, or 3.9 x 10^ 
Btu, or 4 x 101 joules.
KILOVOLT (KV) - 1,000 volts.
KILOVOLTAMPERE (KVA) - An electrical term that indicates the energy in an alternating 
current circuit. It is the product of voltage and current.
KILOWATT (KW) - 1,000 watts. A unit of power equal to 1,000 watts, or to energy 
consumption at a rate of 1,000 joules per second. It is usually used for electrical 
power. An electric motor rated at one horsepower uses electrical energy at a rate 
of about 3/4 kilowatt.
KILOWATT HOUR (KWH) - The amount of energy equal to one kilowatt in one hour; equiva­
lent to 3,412 BTU's.
KINETIC ENERGY - The energy of motion; the ability of an object to do work because 
ofits motion.
LPG - Liquefied Petroleum Gas (see Propane).
LAMP - A generic term for a manmade source of light.
LIGHT WATER REACTOR - (LWR) - A nuclear power plant that uses ordinary water as 
distinguished from one that uses heavy water. Fission energy is released in the 
form of heat and is transferred to a conventional steam cycle which generates 
electricity. Because of coolant temperature limitations in LWR’s, their thermal 
efficiency is lower than modern fossil fueled plants. There are two commercial 
light-water reactor types - the boiling water reactor (BWR) and the pressurized 
water reactor (PWR).
LITER - The primary standard of capacity in the metric system, equal to the 
volume of one kilogram of pure water at maximum density, at approximately 4 
degrees C., and under normal atmospheric pressure. One liter = 0.264 gallons 
(U.S.),1.05 quarts (U.S.) or 2.11 pints (U.S.).
LIQUEFIED NATURAL GAS (LNG) - Natural gas that has been changed into a liquid 
by cooling to about 260 degrees F., at which point it occupies about 1/600 of 
its gaseous volume at normal atmospheric pressure. A clear, flammable liquid 
both tasteless and odorless; almost pure methane.
LIQUID METAL FAST BREEDER REACTOR (LMFBR) - A type of nuclear power plant. The 
coolant in this case is a metal, usually sodium. It is heated to about 1,000 
degrees F. and is forced through a "heat exchanger" where it transfers its heat 
to another "loop" or closed-system of liquid metal. The intermediate loop 
transfers heat to a steam generator. Liquid metal efficiently removes heat from 
the reactor but it has a violent reaction on contact with air or water. Thus 
an intermediate loop is necessary to protect the reactor from any explosion 
caused by an accidental leakage of sodium into the steam generator.
LOAD - The amount of power needed to be delivered at a given point on an electric 
system.
LOW SULFUR COAL AND OIL - Generally, coal or oil that contains one percent or less 
of sulfur by weight.
MCF - One thousand cubic feet.
MMCF - Million Cubic Feet.
MPG - Miles Per Gallon.
MPH - Miles Per Hour.
MWE - Megawatts Electrical
MW - Megawatt (See Watt)
MWH - Megawatt Hour
MAGNETOHYDRODYNAMIC POWER CYCLES - MHD - A new and more efficient method of convert­
ing coal and other fossil fuels into electric energy by burning the fuel and passing 
the combustion products ("plasma") through a magnetic field at very high temperatures 
A technique for generating electricity directly by moving liquids or gases through 
a magnetic field rather than indirectly by means of turbines and rotating generators.
MANUFACTURED GAS - Under the heading of manufactured gas, as the name implies, come 
many gaseous fuels which are manufactured by man-made devices. These gases may be 
used in heating, industry, and internal combustion engines.
MEGAWATT (MW) - 1,000 kilowatts, 1 million watts.
METHANE (CH^) - The lightest in the paraffin series of hydrocarbons. It is 
colorless, odorless, and flammable; it forms the major portion of marsh gas and 
natural gas.
METHYL ALCOHOL (CH3OH) - A poisonous liquid, also known as methanol, which is 
the lowest member of the alcohol series. Also known as wppd alcohol, since its 
principal source was originally the destructive distillation of wood.
MHD - Abbreviation for "magnetohydro-dynamics". A process for the direct 
conversion to electricity of the heat from burning of fossil fuel.
MIDDLE DISTILLATES - Kerosine, also classed as Grade 1 distillate heating oil. 
Kerosine with slightly higher boiling point is a jet fuel component, and used 
in Grade 2 distillate heating oil. Light gas oil, diesel fuels, and other 
components, mainly gas oil that may be used as cracking stocks to produce more 
gasoline.
MOTOR GASOLINE - A volatile, liquid hydrocarbon fuel generally for use in the 
internal-combustion engine, typically a blend of six to eight base stocks and 
additives to obtain proper qualities.
MOTOR - A machine which converts electrical energy into power.
NERCOM - New England Regional Commission. A cooperative federally and state 
funded organization of the six New England states, which addresses problems 
and issues that are common to the region.
NRC - Nuclear Regulatory Commission (U.S.)
NSF - National Science Foundation (U.S.)
NTIS - National Technical Information Service (U.S. Dept, of Commerce)
NATURAL GAS - A natural hydrocarbon gas composed of a variety of gases 
including methane, ethane, butane, and propane. It comes from the ground 
with or without accompanying crude oil and is generally much higher in heat 
content than manufactured gas. It is used as the raw material in the 
petrochemical industry for the manufacture of fertilizer and celophane. The 
energy content of natural gas is usually taken as 1,032 Btu/Cu. Ft.
NON-FOSSIL ENERGY - Energy from sources other than fossil; non-fossil energy 
sources are nuclear, wind, tide, geothermal, water, and solar.
NUCLEAR ELECTRIC POWER PLANT - One in which heat for raising steam is provided 
by fission rather than combustion of fossil fuels.
NUCLEAR ENERGY - Energy that can be produced by changes in the nucleus of 
an atom as by fission of a heavy nucleus or fusion of light nuclei into heavy 
ones with accompanying loss of mass.
NUCLEAR FUEL CYCLE - The various steps which involve the production, processing, 
use , reprocessing, and waste storage of nuclear fuels.
NUCLEAR POWER PLANT - Any device, machine, or assembly that converts nuclear 
energy into some form of useful power, such as mechanical or electrical power.
NUCLEAR REACTION - A reaction involving an atom’s nucleus, such as fission, 
neutron capture, radioactive decay, or fusion, as distinct from a chemical 
reaction, which is limited to changes in the electron structure surrounding 
the nucleus.
NUCLEAR REACTOR - A device in which a fission chain reaction can be initiated, 
maintained, and controlled. It's essential component is a core with fissionable 
fuel. It usually has a moderator, reflectorf shielding , coolant, and control 
mechanisms. It is the basic machine of nuclear power.
OCS - Outer Continental Shelf
OPEC - Organization of Petroleum Exporting Countries.
OCEAN THERMAL GRADIENTS - The temperature differences between deep and surface 
water. (They range from 25° to 45° F.).
OFF SHORE WINDPOWER SYSTEM (OWPS) - A proposed system to generate electricity 
by wind turbines mounted on off-shore platforms advocated by Prof. W. E. Heironomus 
of the University of Mass.
OIL SHALE - A sedimentary rock containing solid organic matter (kerogen) that 
yields substantial amounts of oil when heated to high temperatures. The rock 
can be found in Wyoming, Utah, and Colorado.
OIL, SHALE - Oil extracted from shale which is fine grained rock of a 
somewhat splintery nature. The oil is extracted from the shale by means of 
distillation in retorts.
OUTER CONTINENTAL SHELF - Submerged land lying beyond three miles off the 
coast of the U.S.
OXIDATION - The chemical reaction or process of combining substances with oxygen, 
generally taken from the air. All petroleum products are subject to oxidation.
PWR - Pressurized Water Reactor (see below).
PARTICULATE MATTER - Solid particles, such as ash, which are released from a 
combustion process in exhaust gases at fossil-fuel plants.
PETROCHEMICALS - These are chemicals that are made from components of crude 
oil and or natural gas. The cracking process for the manufactrue of gasoline 
produces large quantities of gaseous hydrocarbons which were at one time 
waste products used only as illuminants and fuels in the refinery.
P E T R O L E U M  - An oily, flammable bituminous liquid that may vary from almost 
colorless to black, occurs in many places in the upper strata of the earth, 
is a complex mixture of hydrocarbons with small amounts of other substances, 
and is prepared for use as gasoline, naphtha, or other products by various 
refining processes.
PHOTOVOLTAIC CELL - A type of semiconductor in which the absorption of light 
energy creates a separation of electrical charges. This separation creates 
an electrical potential that can be tapped by allowing electrons to flow through 
an external circuit. The net effect is direct conversion of light, especially 
solar energy, into electricity. The efficiency of such cells is generally 
very low, however, and their cost is still quite high. Typical materials 
used in the construction of photovoltaic cells are silicon, cadmium sulfide 
and gallium arsenide.
PILOT PLANT - A small-scale industrial process unit operated to test the 
application of a chemical or other manufacturing process under conditions 
that will yield information useful in the design and operation of full-scale 
manufacturing equipment. The pilot unit serves to disclose the special 
problems to be solved in adapting a successful laboratory method to commercial 
sized units.
PIPELINES - They are the largest single movers of oil and gas, carrying 
nearly 680 million tons annually or more than 45% of all the crude oil and 
petroleum products transported in the U.S. Pipelines rank third among all 
types of domestic freight carriers in tonnage handled.
Crude oil and product pipelines form a vast network of approximately 
209,000 miles that crisscrosses the U,S, With the tremendous expansion of 
natural gas use after WWII, the mileage of our natural gas pipelines system 
had grown to a total of 862,000 miles by the end of 1968.
PLUTONIUM - A radioactive man-made metallic element of the actinide series. 
Similar, chemically, to uranium and usually produced in nuclear reactors as 
the long-lived isotope of mass number 239.
POLLUTANT - Any contaminamt which when present in the air or water detracts 
or interferes with its desired usage.
POWER - The rate at which energy is used or the rate at which work is done.
It is measured in ft. - lbs/second, horsepower, or watts.
1 hp. = 746 watts = 550 ft/lbs/sec.
POWER SHORTAGE - The supply of electricity is controlled by the utility, 
the consumption of electricity by the customers. When the customers call 
for more electricity than the utility can deliver, there is a power shortage.
Such shortages are likely to occur on hot summer days between 10 a.m. and 8 p.m. 
Consumers can help at such times by reducing their use of electricity as much 
as possible.
PRESSURIZED WATER REACTOR - A type of nuclear power plant. Water passing through 
the reactor is kept under pressure which allows it to be heated without boiling. 
This highly pressurized water is forced through a coil or tubes in a steam 
generator which converts water to steam.
PRIMARY FUEL - Fuel consumed in original production of energy as contrasted 
to a conversion of energy from one form to another.
PROBABLE RESERVES - A realistic assessment of the reserves that will be 
recovered from known oil or gas fields based on the estimated ultimate 
size and reservoir characteristics of such fields. Probable reserves 
include those reserves shown in the proved category.
PRODUCTIVITY - The effectiveness of labor for the production of goods and 
services.
PROPANE - A gas, the molecule of which is composed of three carbon and eight 
hydrogen atoms. Propane is present in most natural gas and is the first 
product refined from crude petroleum. It has many industrial uses and may 
be used for heating and lighting.
PROVED RESERVES - The estimated quantity of crude oil, natural gas liquids, 
or sulfur which analysis of geological and engineering data demonstrates 
with reasonable certainty to be recoverable from known oil or gas fields 
under existing economic and operating conditions.
PUMPED STORAGE - An arrangement whereby additional electric power may be 
generated during peak load periods by hydraulic means using water pumped 
into a storage reservoir during off-peak periods.
PYROLYSIS - The transformation of a substance into another compound or 
compounds by the application of heat, or heat and pressure. In the context 
of energy, pyrolysis (also called destructive distillation) is the 
heating of organic materials such as coal, wood, petroleum, and solid wastes 
in the absence of oxygen with provisions for recovery of the desired combustible 
products. If heat is applied slowly, the initial products are water vapor
and volatile organic compounds. Increased heat leads to recombination of the
organic materials into complex hydrocarbons and water. The principal products 
of pyrolysis are gases, oils, and a solid residue called char. It is possible 
to produce great variations in the relative proportions of these products by 
varying the pyrolysis conditions.
REACTOR - Normally, this term refers to a nuclear power source but occasionally, 
shale oil engineers have been heard using it to describe shale retorts. But 
nothing nuclear is involved in shale processing.
REACTOR, NUCLEAR - A device in which a fission chain reaction can be initiated, 
maintained, and controlled. Its essential component is a core with fissionable 
fuel. It usually has a moderator, reflector, shielding, coolant and control 
mechanisms. It is the basic machine of nuclear power.
RECLAMATION - Implies that the mine site is habitable to organisms that were 
originally present or others that approximate the original inhabitants. (See 
"Rehabilitation").
RECOVERABLE RESERVES - Minerals expected to be recovered by present day 
techniques and under present economic conditions.
REDUCED VOLTAGE - The diminishment of electric potential for the purpose of 
preventing the electrical load from exceeding capacity.
REFINE - To cleanse or purify by removing undesired components; to process a 
material to make it usable.
REFINERY - A device (usually a tower) or process which heats crude oil so that 
it separates into chemical components, which are then distilled off as more 
usable substances. Simple structure components vaporize first. Typical crude 
fractions, from top to bottom or simple to complex, are: ether, methane, and 
ethane, the gasolines; propane, and butane; kerosene, fuel oil, and lubricants; 
jelly, paraffin, asphalt, and tar.
REFINING - The separation of crude oil into its component parts, and the manufac­
ture of products needed for the market. Important processes in refining are 
distillation, cracking, chemical treating and solvent extraction.
REFRIGERATION TON - A unit of cooling capacity. In commercial usage, 12,000 Btu 
per hour or 200 Btu per minute of heat removal. Originally, the amount of heat 
required to melt a ton of ice in 24 hours.
REHABILITATION - Implies that the land will be returned to a form and productivity 
in conformity with a prior land use plan including a stable ecological state that 
does not contribute substantially to environmental deterioration and is consistent 
with surrounding aesthetic values.
REMAINING RESERVES - Those quantities of crude oil, natural gas, natural gas 
liquids and sulfur as estimated under proved or probable reserves after deducting 
those quantities produced up to the respective date fo the estimate.
REPROCESSING - Chemical recovery of unburned uranium and plutonium and certain 
fission products from spent fuel elements that have produced power in a nuclear 
reactor.
RESERVES - The amount of a mineral expected to be recovered by present day techni­
ques and under present economic conditions.
RESIDUAL FUEL OIL - Petroleum oil, which is any topped crude or viscous residuum of 
crude or unfinished oil or one or more of petroleum oils.
No, 1 Fuel Oil is a light distillate intended for use in burners of the 
vaporizing type in which the oil is converted to a vapor by contact with 
a heated surface or by radiation. High volatility is necessary. Straight 
run kerosine is a generally good description of the product which is 
predominantly used in space heaters.
No. 2 Fuel Oil is a heavier distillate than grade No. 1. It is intended 
for use in atomizing type burners which spray the oil into a combustion 
chamber where the tiny droplets burn while in suspension. This grade 
of oil is used in most home burners that have central heating and in 
many medium capacity commercial industrial burners where its ease of 
handling sometimes justifies its higher cost over the residual fuels.
No. 4 Fuel Oil is usually a light residual but it sometimes is a heavy 
distillate. It is intended for use in burners equipped with devices 
that atomize oils of higher viscosity than home burners can handle.
In all but extremely cold weather it requires no preheating for handling.
No. 5 Fuel Oil (Light) is residual fuel of intermediate viscosity for 
burners capable of handling fuel more viscous than Grade No. 4 without 
preheating. Preheating may be necessary in colder climates.
No. 5 Fuel Oil (Heavy) is a residual fuel more viscous than Grade No. 5 
Light and is intended for use in similar service, that is, commercial, 
industrial, and large apartment houses. Mostly it requires preheating, 
particularly in colder climates.
No. 6 Fuel Oil, sometimes referred to as "Bunker C", is a high visccsity 
oil used mostly in commercial and industrial heating. It requires pre­
heating in the storage tank to permit pumping and additional preheating 
at the burner to permit atomizing. The extra equipment and maintenance 
required to handle this fuel usually does not permit it to be used in 
small installations.
Note: It should be noted that No. 1, No. 2, and sometimes No. 4 are distillate 
fuels, sometimes called "clean fuels". Residual fuels, often referred to as 
"dirty fuels", are No. 6, No. 5 (light and heavy) and sometimes No. 4 is class­
ified as a light residual. Starting with No. 6 fuel, it is diluted or "cut 
back" with required amounts of No. 2 fuel to make both grades of No. 5 and 
No. 4.
RESOURCES - The estimated total quantity of a material in the ground; includes 
prospective undiscovered reserves.
RETROFIT - To furnish with new parts or equipment not available at the time 
of manufacture.
SCENARIO - A method of depicting alternatives for the future and evaluating 
various aspects of each alternative. The term has been borrowed from the 
vocabulary of the theatre, and has been likened to a "snapshot" at a point 
in time, or a "portrait" of a potential future situation.
SIC - Standard Industrial Classifications.
SNG - Synthetic Natural Gas or Substitute Natural Gas.
S02 - Sulfur Dioxide.
TANK TRUCK - Tank trucks are a major means of transporting oil products from 
bulk plants to customers. Direct deliveries from the refiner to large bulk 
customers are also frequently made by tank trucks. At one point or another, 
between the refinery and its final destination, probably every oil product 
is carried by a tank truck.
THERMAL EFFECTS - The term used to describe the impact of heat on a body of 
water.
THERMAL EFFICIENCY - The ratio of the heat used to the total heat units in 
the fuel consumed.
THERMAL POLLUTION - An increase in the temperature of water resulting from 
waste heat released by a thermal process to the cooling water when 
the effects on other uses of the water are detrimental.
THERMAL POWER PLANT - Any electric power plant which operates by generating 
heat and converting the heat to electricity.
THERMODYNAMICS - The science and study of the relationships between heat and 
mechanical work. First Law: Energy can neither be created nor destroyed.
Second Law: Heat cannot pass from a colder to a warmer body without the 
additional expenditure of energy.
THERMONUCLEAR FUSION - Source of energy available from hydrogen isotopes in 
seawater.
TIDAL POWER - Form of energy, obtained from the filling and emptying of a bay 
or an estuary that can be closed by a dam. The enclosed basin is allowed to 
fill and empty only during brief periods at high and low tides in order to 
develop as much power as possible.
TON - A unit of weight equal to 2,000 pounds in the U.S., Canada, and the 
Union of South Africa, and to 2,240 pounds in Great Britain. The American 
ton is often called the short ton, while the British ton is called the long 
ton. The metric ton, or 1,000 kilograms, equals 2,204.62 pounds. Depending 
upon specific gravity, a long ton or metric ton will equal from 6.5 to 8.5 
barrels of oil.
TOPPING CYCLE - A means to increase thermal efficiency of a steam-electric 
power plant by increasing temperatures and interposing a device, such as a 
supercritical gas turbine, between the heat source and the conventional steam- 
turbine generator part of the plant to convert some of the additional heat 
energy into electricity.
TOTAL ENERGY - Use of packaged energy systems of high efficiency utilizing 
gas-fired turbines or engines which produce electrical energy and utilize 
exhaust heat in applications such as heating and cooling.
TURBINE - A wheel which is made to rotate by the action of flowing water, steam, 
or heated gases thus producing rotating power.
ULTRA-HIGH-VOLTAGE TRANSMISSION (UHV) - Transmission of electricity at voltages 
higher than 800 kV.
ULTIMATE RECOVERABLE RESERVES - The total quantity of crude oil, natural gas, 
natural gas liquids or sulfur estimated to be ultimately producible from an 
oil or gas field as determined by an analysis of current end engineering 
data. This includes any quantities already produced up to the respective date
of the estimate.
SWU - Separative Work Units,
SEPARATIVE WORK - A measure of the work required to separate U235 and 
isotopes in the gaseous diffusion process; the basis of AEC enrichment charges.
SILICON SOLAR CELL - Most efficient solar cell at present, capable of harvesting 
incident solar radiation to produce electricity.
SOLAR CELL - A photovoltaic cell (as one including a junction between two 
types of silicon semiconductors) that is able to convert sunlight into 
electrical energy and is used as a power source. See Photovoltaic Cell.
SOLAR COLLECTOR -A surface or composite surface which by virtue of geometry 
or surface properties absorbs solar energy and imparts this energy to a heat- 
transfer fluid which circulates through the collector.
SOLAR CONSTANT - The quantity of radiant solar heat received normally at the 
outer layer of the earth's atmosphere and having an average of about 1.94 gram 
calories per square centimeter per minute.
SOLAR ENERGY - The energy transmitted from the sun, which is in the form of 
electromagnetic radiation. Although the Earth receives about one-half of 
one billionth of the t o t a l  solar energy output, this amounts to about 
420 trillion kilowatt-hours annually.
SOLAR HOUSE - A house equipped with glass areas and so planned as to utilize 
the sun's rays extensively in heating.
SOLAR INSOLATION (RADIATION) - The amount of solar energy available at a location 
on a regular basis. (Two components: direct and diffuse).
SOLAR POWER - Useful power derived from solar energy.
STACK GASES - Gaseous substances emitted from power-plant smoke stacks during 
burning of fuel.
STEAM COAL - Coal that is suitable for generating steam as distinguished from 
that used for metallurgical processes.
STEAM-ELECTRIC PLANT - A plant in which the prime movers (turbines) connected 
to the generators are driven by steam.
SUBSTITUTION - The replacement of one source of energy with an alternative.
SULFUR CONTENT - The amount of sulfur (in various forms) which is contained 
in a fuel and often released upon combustion into the atmosphere as a 
sulfuric oxide.
SYNTHETIC FUEL - Gaseous or liquid hydrocarbon material produced from solid 
carbonaceous material.
SYNTHETIC NATURAL GAS - The conversion of other gases, liquids, or solid hydro­
carbons to a gaseous fuel of heat content, caloric value, compatibility, and 
quality equivalent in performance to that of natural gas.
THERM - 100,000 Btu’s (British Thermal Units).
UNIT TRAIN - A system developed for delivering coal more efficently in which 
a string of cars, with distinctive markings, and loaded to "full visible 
capacity," is operated without service frills or stops along the way for 
cars to be cut in and out . In this way, the customer receives his coal 
quickly and the empty car is scheduled back to the coal fields as fast as it 
came.
URANIUM (U) - A radioactive element with the atomic number 92 and, as found 
in natural ores, an average atomic weight of approximately 238. The two 
principal natural isotopes are uranium-235 (0.7% of natural uranium) which 
is fissionable (capable of being split and thereby releasing energy) and 
uranium-238 (99.3% of natural uranium) which is fertile (having the property 
of being convertible to a fissionable material). Natural uranium also 
includes a minute amount of uranium-234. It is extracted from both surface 
and underground mines.
VOLT - A unit of electrical force equal to that amount of electromotive force 
that will cause a steady current of one ampere to flow through a resistance 
of one ohm.
VOLTAGE - The amount of electromotive force, measured in volts, that exists 
between two points.
WASTE HEAT - The heat released to the environment from a thermal process.
WASTES, RADIOACTIVE - Equipment and materials, from nuclear operations, which 
are radioactive and for which there is no further use. Wastes are generally 
classified as high-level (having radioactivity concentrations of hundreds to 
thousands of curies per gallon or cubic foot), low level (in the range of 1 
microcurie per gallon or cubic foot), or intermediate.
WATT - A unit of electric power or heat power. 1 watt equals 3.4 Btu/hr.
WATT-HOUR - The total amount of energy used in one hour by a device that uses 
one watt of power for continuous operation. Electrical energy is commonly 
sold by the kilowatt hour (1,000 watt-hours).
This Glossary was derived from "Glossary of Energy Terminology", by the Virginia 
Energy Office, March 1975. Distributed by the National Technical Information 
Service, PB-242071 and modified by the Office of Energy Resources.
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